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On  the  Mineral  Water  of  the  Baths  of  Nevis,  in  the  West  In- 
dies ;  in  a  Letter  addressed  to  Professor  JAMESON,  by  John 
Davy,  M.D.,  F.R.S,  London  and  Edinburgh,  Inspector- 
General  of  Army  Hospitals. 

My  Dear  Sir, — In  a  visit  which  I  made  last  year  to  Nevis, 
I  paid  some  attention  to  the  mineral  water  of  which  there  is 
a  spring  at  the  baths  of  that  island ;  and  through  the  kind- 
ness of  James  Davoren,  Esq.,  of  Nevis,  I  obtained  portions 
of  the  water  for  examination  on  my  return  to  Barbadoes. 

As,  to  the  best  of  my  knowledge,  this  water  has  not  hitherto 
been  analyzed ; — as  its  effects,  when  drank,  are  decidedly 
beneficial  in  many  instances  of  derangements  of  function  of 
the  stomach  and  intestinal  canal ; — and,  more  especially,  as 
some  of  the  results  I  have  obtained  in  the  trials  made  on  it 
bear  on  points  interesting  in  relation  to  geology,  and  in  which 
I  know  you  take  a  lively  interest,  I  would  hope  that  a  short 
account  of  the  baths  (avoiding  minute  detail,  as  unsuitable 
to  the  occasion),  and  of  the  analysis  of  the  mineral  water, 
with  a  few  incidental  remarks  and  inferences,  may  not  be 
unacceptable  to  you  and  to  the  readers  of  the  Philosophical 
Journal. 

The  Baths  of  Nevis  are  pleasantly  situated  on  a  rising 
ground,  reputed  healthy,  about  half  a  mile  from  the  sea- 
shore. They  are  two  in  number.  Each  is  sufficiently  large 
to  admit  of  swimming  in  it.  One  is  warm,  the  other  tepid  ; 
the  former  was  98°  of  Fahr.  when  I  tried  it ;  the  latter  88°. 
Adjoining  them  is  a  well,  or  rather  a  little  cistern,  the  water 
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of  which  is  used  for  drinking.  This  is  the  mineral  water  of 
Nevis.  I  found  its  temperature  110'5°  immediately  under 
the  mouth  of  the  pipe,  through  which  it  flows  into  the  cistern. 
It  was  perfectly  clear,  and  free  from  any  appearance  of  effer- 
vescence or  of  disengagement  of  air.  It  had  a  just  perceptible 
taste,  not  to  me  disagreeable,  and  by  some  persons  liked. 
The  water  with  which  the  baths  are  supplied,  and  this  the 
drinking  water,  are,  I  believe,  from  the  same  source,  and  of 
the  same  quality ;  the  temperature  of  each  depending  on 
circumstances  of  an  accidental  nature  :  I  say,  I  believe,  for 
it  may  be  otherwise,  as  I  have  examined  only  the  water  of 
highest  temperature,  that  used  for  drinking. 

The  specific  gravity  of  this  water  reduced  to  the  tempera- 
ture of  80°,  I  have  ascertained  to  be  10-019.  Though  not 
sparkling,  this  water  is  nearly  saturated  with  carbonic  acid, 
and  contains  its  own  volume  of  the  gas. 

From  44  cubic  inches,  that  is  about  11*120  grains  of  the 
water,  there  were  obtained,  besides  carbonic  acid,  1*8  grains 
of  saline  matter,  readily  soluble  in  water,  chiefly  bicarbonate 
of  potash,  with  a  trace  of  muriate  of  magnesia,  1*3  of  car- 
bonate of  lime,  -77  grain  of  carbonate  of  magnesia,  1-6  of 
silica,  a  trace  of  phosphate  of  lime,  of  sulphate  of  lime,  and 
of  vegetable  matter.  I  sought  in  vain  to  detect  in  it  either 
iodine  or  bromine. 

The  vegetable  matter,  a  kind  of  mucor,  was  found  in  bot- 
tles of  the  water  that  had  been  kept  many  months,  though 
confined  with  glass  stoppers.  It  appeared  in  the  form  of 
minute  delicate  fibres,  partly  black,  partly  green,  and  when 
spread  out  colourless.  Under  the  microscope  it  was  seen  as 
an  irregular  tissue  of  nucleated  fibres,  of  an  average  width 
of  about  jx>Vo  of  an  inch.  Occasionally  after  long  keeping, 
the  water  had  a  smell  of  sulphuretted  hydrogen.  This  it  may 
have  derived  from  the  decomposition  by  the  vegetable  matter 
of  a  little  sulphuric  acid  in  the  minute  portion  of  sulphate  of 
lime  present.  In  one  instance  that  I  perceived  the  odour  of 
this  gas,  the  water  was  confined  by  a  common  cork  ;  and,  in 
that  instance,  no  sulphuric  acid,  after  the  sulphuretted  hy- 
drogen was  perceptible,  could  be  detected  in  the  water  by 
the  test  of  muriate  of  barytes. 


Mineral  Wafers  of  the  Baths  of  Nevis,  West  Indies.       S 

I  need  hardly  remark,  that  the  carbonate  of  lime  which 
the  water  contains  is  deposited  on  the  escape,  or  expulsion, 
or  neutralization  of  the  free  carbonic  acid.  It  is  worthy  of 
remark,  that  a  little  silica,  with  a  trace  of  phosphate  of  lime, 
is  deposited  at  the  same  time.  It  is  also  worthy  of  remark, 
that  when  the  bicarbonate  of  potash  (a  rare  ingredient  in  a 
mineral  water),  was  obtained  by  evaporation  to  dryness,  thus 
insuring  the  removal  of  the  excess  of  carbonic  acid, — -.on  its 
being  redissolved,  almost  the  whole  of  the  silica  remained, 
forming  a  strongly  adhering  incrustation  of  a  dead  white 
colour. 

These,  and  other  facts  on  the  direct  action  of  carbonic 
acid  on  silica,  some  of  which  I  have  noticed  in  a  paper  lately 
communicated  to  the  Royal  Society  of  London,  would  seem 
to  prove,  that  carbonic  acid  is  capable  of  dissolving  silica. 
As  this  is  a  matter  of  importance,  it  may  perhaps  be  right 
to  be  more  particular  in  describing  some  of  the  results.  I 
shall  notice  two  in  particular. 

A  bottle  with  a  glass  stopper,  two-thirds  full  of  Nevis 
water,  after  having  been  kept  many  months,  was  carefully 
observed.  Corresponding  to  the  surface  margin  of  the  water, 
a  line  of  deposit  was  found  of  white  matter  without  lustre, 
mixed  with  minute  crystals,  with  which  the  inside  of  the 
vessel  was  studded  below.  The  water  was  next  poured  out, 
and  the  incrustation  examined.  It  consisted  of  silica  and 
carbonate  of  lime  chiefly ;  the  former  remaining  after  the 
action  of  dilute  nitric  acid  on  it,  and  washing  with  water. 
It  was  best  seen  when  dry,  for  when  wet  it  was  scarcely 
visible.  Under  a  high  magnifying  power,  it  appeared  in  part 
crystalline,  but  more  generally  in  delicate  laminae. 

The  water  poured  out  of  the  bottle,  on  admixture  with 
ammonia,  became  turbid.  After  standing  some  time  a  de- 
position took  place  from  it  on  the  sides  of  the  glass  vessel, 
and  this  deposit  also  had  the  properties  of  a  mixture  of  car- 
bonate of  lime  and  of  silica;  thus,  after  having  been  dried, 
the  carbonate  of  lime,  on  the  application  of  an  acid  and  water 
was  removed,  whilst  the  silica  in  the  form  of  a  most  delicate 
incmstation,  remained,  having  resisted  the  action  of  the  nitric 
acid  and  water. 
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These  two  results  (not  to  revert  to  others)  seem  to  shew, 
and  it  appears  to  me  in  a  satisfactory  manner,  that  silica 
may  be,  and  is  kept  in  solution  by  carbonic  acid.  If  this  be 
admitted,  may  it  not  aid  in  the  explanation  of  much  that  is 
obscure  in  regard  to  the  structure  of  certain  rocky  strata, 
especially  of  aggregates,  in  which  the  cementing  principle 
appears  to  be  silica  %  May  it  not  also  aid  us  in  explaining 
the  manner  in  which  certain  fossils  are  formed,  such  as  are, 
as  it  were,  casts,  the  petrifying  matter  of  which  is  silica  % 

Hitherto  a  fixed  alkali  has  been  received  as  the  solvent  of 
silica,  in  mineral  waters.  That  it  is  a  solvent  in  its  caustic 
state,  I  apprehend,  must  be  granted ; — but  I  am  not  aware 
of  any  facts  or  analogies  tending  to  prove  that  it  is  also  such 
a  solvent  when  saturated  with  carbonic  acid.  And  as,  in 
every  instance  in  which  I  have  had  an  opportunity  of  ex- 
amining waters  containing  silica  held  in  solution,  I  have 
found  carbonic  acid,  it  seems  to  me  natural  to  infer,  that  it 
Avith  water  is  the  solvent.  As  regards  this  view,  it  is  desir- 
able that  the  waters,  most  remarkably  siliceous,  should  be 
re-examined ;  especially  the  water  of  the  Great  Geyser  in 
Iceland,  the  petrifying  effect  of  which,  as  it  falls  on  the  plants 
in  the  neighbourhood  of  the  fountain  is  so  remarkable,  and 
so  obscure  at  present,  but  which  would  cease  to  be  so  should 
it  be  proved  that  the  deposition  of  silica  in  this  instance  is 
connected  not  only  with  a  great  and  sudden  reduction  of 
temperature,  but  also  with  the  rapid  escape  of  carbonic  acid, 
— the  generation  and  evolution  of  which  may  perhaps  be  con- 
cerned in  the  production  of  some  of  the  peculiar  phenomena 
of  this  extraordinary  spring. 

The  island  of  Nevis,  like  Iceland,  is  volcanic.  Some  of  its 
rocks  are  highly  crystalline,  and  abound  in  felspar,  or  in  what 
appears  to  be  felspar.  Clay,  too,  is  abundant  in  the  island. 
Probably  the  potash  which  occurs  in  the  mineral  water  is 
derived  from  the  decomposition  of  felspar,  or  of  analogous 
minerals,  aided  by  heat,  which  expels  carbonic  acid  from  com- 
pounds containing  it ;  and  this  acting  on  the  silica  liberated 
from  the  decomposing  minerals,  may,  with  water,  effect  ita 
solution : — I  say  liberated,  because  we  know  that  certain 
substances,  perhaps  all,  then  most  readily  unite  with  others 
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for  which  they  have  a  feeble  affinity,  when  in  that  state^ 
which  has  been  designated  their  nascent  state,  in  which  we 
may  suppose  that  tliey  are  in  a  condition  of  tlie  subtlest 
division, — perhaps  no  two  particles  yet  cohering.  Not  only 
are  crystalline  rocks  and  clays  found  in  Nevis,  but  also  well 
formed  crystals  of  quartz  of  perfect  transparency,  which, 
under  the  name  of  diamonds,  are  in  no  small  estimation 
amongst  the  inhabitants  for  ornamental  purposes,  after  hav- 
ing been  cut  and  polished.  They  are  found,  I  was  informed^ 
loose  in  the  beds  of  torrents  ;  but  whether  they  are  of  aqueous 
or  igneous  origin,  I  could  learn  nothing  on  which  to  found 
even  conjecture. 

I  have  alluded  to  the  beneficial  effects  of  the  mineral 
water  of  Nevis,  used  as  a  drink.  Considering  its  composition, 
such  an  effect,  is  what  perhaps  might  be  expected.  I  may 
also  notice,  that  the  baths  have  proved  very  beneficial  in 
obstinate  cases  of  chronic  rheumatism.  Our  great  naval 
hero,  Lord  Nelson,  it  is  likely  used  them  ;  for,  when  in  infirm 
health,  we  are  informed,  he  recruited  it  in  this  island,  re- 
siding at  a  spot  about  two  miles  distant  from  the  baths,  in  a 
house  the  property  of  the  uncle  of  Mrs  Nesbit,  a  native  of 
Nevis,  whom  he  married  at  this  time. 

For  invalids,  to  whom  these  waters  are  likely  to  be  useful, 
these  baths  hold  out  many  recommendations.  There  is  a 
good  lodging-house  adjoining  them,  built  specially  for  the 
accommodation  of  invalids,  by  a  philanthropic  individual ; — 
they  are  about  half-a-mile  only  from  James  Town,  where  me- 
dical advice  can  be  obtained,  and  where  the  steamers  of  the 
Royal  West  India  Mail  Company  touch  twice  a-month. 

In  a  former  communication  which  appeared  in  the  Philo- 
sophical Journal,  I  took  occasion  to  notice  defects  of  ventila- 
tion in  the  vessels  of  this  Company.  I  regret  to  learn  that 
these  defects  continue ;  and  that  others  are  added  to  them, 
arising  out  of  want  of  proper  attention  to  the  comforts  of 
passengers.  When  the  winter  climate  of  the  West  Indies 
is  considered,  compared  with  our  home  winter  climate,  and 
the  probable  benefit  that  a  numerous  class  of  persons  in 
feeble  health  might  derive  from  a  voyage  to  the  West  Indies, 
and  a  sojourn  here  for  two  or  three  of  the  coolest  monthsj 
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any  obstacle  in  the  way  is  surely  to  be  lamented,  and  espe- 
cially obstacles  so  serious  as  those  alluded  to,  as  regards  in- 
valids. In  sailing  ships.  West  Indiamen,  attention  is  now 
being  paid  to  ventilation  : — improved  methods  have  been  in- 
troduced in  many  of  them ;  and  on  this  account,  and  on 
account  of  the  convenience  and  comforts  they  afford,  they 
are  preferred  by  some  passengers,  notwithstanding  they  are 
commonly  nearly  twice  as  long  in  making  the  homeward 
voyage.  The  competition  should  have  the  attention  of  the 
Managing  Committee,  or  the  Directors  of  the  Company,  who, 
could  they  secure  comfort  as  well  as  speed,  in  the  transit, 
might  rest  secure  of  their  vessels  having  the  preference,  at 
least  in  the  great  majority  of  instances. 

I  am  sure  your  humanity  will  find  an  excuse  for  these 
latter  remarks,  which  I  offer  with  the  hope  that  they  may 
meet  the  eye  of  some  influential  person  belonging  to  the 
Company,  well  disposed  to  have  the  West  India  Mail 
Steamers  made  as  comfortable  and  as  wholesome  as  pos- 
sible for  passengers,  and  as  profitable  as  possible  to  the  pro- 
prietors,— a  union  of  interests  much  to  be  desired.  I  remain, 
my  dear  Sir,  with  much  esteem,  faithfully  yours, 

J.  Davy. 

To  Professor  Jameson,  Edinburgh. 


New  Considerations  on  the  Palceontoloc/y  of  Auvergne. 
By  A.  Pomel. 

The  numerous  fossil  bones  contained  in  the  formations  of 
Auvergne  have  already  been  either  described  or  mentioned 
by  many  authors  ;  but  they  have  too  often  been  contented 
with  superficial  and  incomplete  researches.  Some  have  ne- 
glected to  study  carefully  the  different  deposits  in  which  they 
lie,  and  others  have  inconsiderately  established  ill-defined 
species  on  mere  individual  variations.  M.  De  Blainville  even, 
in  his  beautiful  and  classical  Osteographies  has  often  allowed 
his  mind  to  be  pre-occupied  with  theoretical  notions  which  he 
still  maintains,  almost  alone  against  all  other  palaeontologists, 
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and  he  has  not  given  the  necessary  care  to  geological  indi- 
cations. Now,  it  is  only  by  introducing  an  extreme  degree 
of  precision  into  the  zoological  analysis  of  characters,  and 
the  geological  study  of  formations,  that  palaeontology  can  find 
that  solid  and  lasting  foundation  of  which  the  precipitation 
of  some  individuals  has  sometimes  deprived  her. 

M.  Pomel,  in  the  two  memoirs  with  which  we  are  ac- 
quainted only  by  an  extract,  and  which  we  hope  will  be  laid 
immediately  before  the  public  in  extenso,  shews  that,  in  the 
deposits  of  the  basin  of  the  AUier,  there  are  three  different 
ages,  which  prove  that  three  very  distinct  faunas  have  suc- 
ceeded each  other  since  the  commencement  of  the  tertiary 
epoch,  in  this  which  corresponds  at  present  to  Auvergne. 
The  oldest  of  these  faunas  belongs  to  the  miocene  epoch,  and 
is  contemporary  with  that  of  \hQ  falims  of  Touraine,  the  sand- 
stones of  Fontainbleau,  &c.  It  is  characterised  by  numerous 
lost  genera. 

The  second  fauna,  which  M.  Pomel  considers  more  parti- 
cularly in  his  first  mempir,  belongs  to  the  pliocene  period. 
The  organic  remains  of  the  animals  which  compose  it  have 
been  preserved  in  the  most  ancient  deposits  of  the  pumice 
conglomerates,  chiefly  at  the  foot  of  Mount  Perrier.  The 
genera,  for  the  most  part,  belong  to  the  existing  fauna,  but 
the  species  are  all  extinct.  We  may  mention,  in  particulai*, 
the  Cants  megamastoides,  the  Ursidce,  Mustela  lutroides,  Liitra 
Bravardi,  the  Hysena  of  Mount  Perrier,  the  genus  Sienodon,  a 
Mastodonte,  a  species  of  Rhinoceros,  tall  and  slender,  a  Tapir, 
numerous  species  of  Deers  very  different  from  those  now  liv- 
ing, small  Oxen,  high  on  their  legs,  &c. 

The  third  fauna,  which  has  been  too  often  confounded  with 
the  second,  belongs  entirely  to  the  diluvian  epoch.  The  bones 
are  preserved  among  the  debris  at  the  base  or  the  sides  of 
hills,  nnder  lavas,  in  fissures,  in  the  travertins  and  mud  of 
certain  grottoes.  The  deposits  containing  them  are  scattered 
over  a  multitude  of  localities,  chiefly  in  the  valley  of  Limagne. 
The  animals  composing  this  fauna  belong,  in  great  numbers, 
to  the  existing  species.  Dogs,  martins,  otters,  &c.,  cannot 
be  distinguished  from  those  now  living;  cats  replace  the 
stenodons ;  tliere  is  no  niastodons^  and  the  elephant  supplies 
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its  place ;  the  rhinoceros  is  the  Siberian  species  {E.  tichorU- 
nus).  The  oxen  exhibit  the  heavy  forms  of  the  present 
kinds ;  the  horse  and  hippopotamus  supply  the  place  of  the 
lost  genera.  The  Deers  greatly  resemble  those  of  our  own 
times,  &c. 

M.  Bravard  {Bull.  Soc.  Geol.  iii.,  197,)  has  attempted  to 
distinguish  two  distinct  faunas  in  this  epoch,  and  he  sepa- 
rates the  elephantine  fauna  contained  in  the  more  recently 
formed  lands  of  Champeix,  Veneix,  Tour  de  Boulade,  &c., 
from  the  diluvian  fauna  contained  in  the  caverns  or  fissures 
of  Coudes,  and  the  sub-volcanic 'alluviums  of  Neschers.  The 
investigations  of  M.  Pomel  seem  to  prove  that  there  are  not 
grounds  for  maintaining  this  division. 

The  resemblance  between  the  species  of  M.  Pomel's  dilu- 
vian epoch  and  those  of  the  existing  world,  seem  to  me  to 
furnish  a  new  and  powerful  argument  in  favour  of  the  opi- 
nion which  I  expressed,  {Traite  Elem.  de  Paleontologie,  torn. 
i.,  note  B,)  that  the  diluvian  epoch  is  connected  without  in; 
terruption  with  the  modern  epoch.  It  was  not,  therefore, 
without  surprise  that  I  saw  M.  Pomel  conclude  by  saying 
that  it  is  impossible  for  him  to  admit  my  opinion  on  this  sub- 
ject. I  am  certain  that  if  this  skilful  geologist  again  examines 
the  question,  he  will  find,  according  to  his  own  observations, 
1*^,  That  the  majority  of  the  species  of  the  diluvian  epoch 
have  not  been  destroyed  at  the  end  of  that  epoch  ;  2dly,  That 
there  has  not  been  a  sudden  appearance  of  an  entirely  new 
fauna  at  the  commencement  of  the  modern  epoch  ;  ^dly,  That 
between  the  diluvian  and  modern  epoch  there  has  been  no 
event  which  has  acted  on  organisation  in  the  same  manner 
as  those  which  have  separated  the  tertiary  epoch  from  the 
diluvian  epoch,  the  cretaceous  epoch  from  the  tertiary,  &c. ; 
Athly,  That  consequently  the  diluvian  and  modern  epochs  are 
not  separated  by  characters  similar  to  those  which  separate 
the  other  geological  epochs.  M.  Pomel  may  the  more  readily 
admit  these  conclusions,  since  he  insists,  with  reason,  on  the 
fact  that  the  gravels  of  the  diluvian  epoch  have  not  been  de- 
posited by  a  decisive  and  instantaneous  phenomenon,  but 
rather  by  a  series  ^ "  of  small  successive  local  inundations 
whigh  could  not  operate  at  the  same  time,  and  that  there  was 
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a  long  diluvian  epoch  which  might  more  properly  be  called 
alluvial,  since  the  latter  name  has  a  more  general  accepta- 
tion, and  may  be  applied  to  diluvium,  which  is  only  an  exag- 
gerated paroxysm  of  this  great  period." 

There  is  another  fact  in  M.  PomeFs  memoir,  which  ought 
to  be  of  great  interest  to  geologists  at  a  time  when  the  atten- 
tion is  so  actively  directed  to  all  that  relates  to  glaciers. 
During  the  diluvian  epoch,  that  is  to  say,  during  the  period 
when  the  glacialists  suppose  that  the  extension  of  the  glaciers 
r.)und  the  Alps  was  much  greater  than  it  now  is,  animals 
lived  in  the  centre  of  France  which  are  now  banished  to  the 
coldest  regions  of  our  hemisphere.  The  reindeer,  the  lago- 
mys,  the  spermophilus,  rarely  the  glutton,  &c.,  seem  by  their 
presence  to  justify  the  hypothesis  that  the  climate  of  central 
Europe  has  been  for  a  time  colder  than  at  present.  It  is  true, 
adds  M.  Pomel,  that  we  have  not  yet  found  any  geological 
traces  of  the  existence  of  glaciers  in  Auvergne,  although  this 
country  presents  very  elevated  mountain  summits. 

The  second  memoir  is  devoted  to  the  study  of  the  miocene 
epoch  in  the  basin  of  the  Allier.  After  giving  a  geological 
sketch  of  the  constitution  of  the  deposits  in  the  valley,  M. 
Pomel  considers  the  vertebrate  animals  composing  the  fauna  of 
this  remarkable  period.  Among  the  carnivora  he  particularly 
hotices  Amphicyon  minor,  a  dog  with  a  short  head,  which 
appears  to  have  wanted  the  second  lower  tubercular;  two 
civets  {yiverra  antlqua^  Blainv.  and  primceva,  Pom.) ;  the 
Plesictis  genettoides  {Mustela  plesictis,  Delaizer  and  De  Pa- 
rieu),  which  forms  a  genus  intermediate  between  the  martins 
and  genettes  ;  Lutra  Valeloni,  (GeoflP.  St  Hil.)  ;  Meganthereon 
brevidens,  a  remarkable  species  belonging  to  the  tribe  of  cats, 
and  which  ought  to  be  united  to  some  other  species  of  Europe 
and  America,  in  order  to  constitute  a  genus  which  has  al- 
ready received  the  names  of  Meganthereon,  Stenodon,  Ma- 
chairodus,  and  Trepanodon ;  and  a  Pterodon,  an  anomalous 
genus  probably  belonging  to  the  subclass  Didelphi. 

The  Gnawers  are  numerous,  but  as  yet  little  known.  M. 
Pomel  mentions  Steneofiber^  Archwomys,  and  the  Rats. 

In  the  division  of  Pachyderms,  we  find  the  Dinotherium  gi~ 
g  ante  urn;  a  tapir  of  small  size  and  slender  limbs  {Tapir  Poi- 
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rieri)  ;  some  Bhinoceros,  not  yet  well  determined  ;  many  An- 
thracothcrium ;  and  the  genus  Cainothermm^  Bravard,  (Oplo- 
theriuniy  Delaiz.),  which  connects  the  Anoplotherium  with  the 
Ruminants. 

The  Ruminants  present  many  species  of  Atnphitragulus,  a 
new  genus  of  the  family  Moschus,  and  which,  in  its  dentition, 
has  relations  on  the  one  hand  with  the  Llamas,  and,  on  the 
other,  with  the  Anoplotherium.  Some  bones  not  well  known 
and  described  under  the  name  of  Dremotherium,  are  likewise 
referred  to  in  the  order  of  ruminants. 

The  Birds  have  not  yet  been  determined.  The  bones  of 
of  palmipedes,  waders,  and  birds  of  prey,  have  been  found. 

Among  the  Reptiles,  M.  Pomel  mentions  a  land  tortoise 
(Testudo  giganted),  two  emydes,  an  emysaurus  {E.  Meilheu- 
ratiai),  a  trionyx,  a  crocodile  {C.  Batelii),  a  Dracoenosaurus, 
an  animal  nearly  related  to  the  dragon  in  its  dentition,  and 
one  or  two  frogs. 

Fishes  likewise  exist,  but  the  fragments  have  as  yet  been 
imperfectly  studied. — Professor  Flctety  Bib,  Univer.  de  Geneve ^ 
15th  September  1846. 


On  the  Volcanoes  of  the  Moon.  By  JAMES  D.  Dana.  Ex- 
tracted from  the  American  Journal  of  Science,  vol.  ii., 
Second  Series.* 

The  surface  of  the  moon  affords  a  most  interesting  subject 
for  the  study  of  the  geologist.  Though  at  a  distance  of 
many  thousand  miles,  the  telescope  exhibits  to  us  its  struc- 
ture with  wonderful  distinctness  ;  and  already,  as  a  learned 
astronomer  has  observed,  we  are  better  acquainted  with  the 
actual  heights  of  its  mountains,  than  with  those  of  our  own 
planet.t     Having  an  atmosphere  of  extreme  rarityj  (if  any) 


*  Read  before  the  Association  of  American  Geologists  and  Naturalists,  Sept. 
1846. 

t  M.  xVrago,  Annuaire  des  Longitudes,  pour  I'an  1842,  2d  ed.,  Paris,  1842. — 
P.  526,  in  an  article  on  the  Lunar  Volcanoes,  Arago  says  : — "  II  est  remarquable 
que  grace  au  zele  et  a  I'exactitude  d'llevelius  on  ait  connu  la  hauteur  des  mon- 
tagnes  de  la  Lune  beaucoup  plus  tot  que  la  hauteur  des  inontagues  de  la  Terre." 

X  The  evidence  in  favour  of  the  existence  of  au  atmosphere  and  of  water  in 
the  moon,  liithcrto  obtained,  has  not  been  deemed  satisfactoi7.    Ilerschcl,  at  an 
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and  never  obscured  by  clouds,  its  features  are  wholly  open 
to  view,  and  the  eye,  aided  with  glasses,  may  wander  over  its 
rugged  crags,  survey  its  craters,  its  Alps  and  its  Apennines, 
from  their  bases  to  their  summits.  Neither  are  there  any 
sedimentary  deposits,  soil  or  vegetation, — for  there  can  be 
none  without  water, — and  the  igneous  surface,  therefore,  is 
still  its  own  naked  self,  exhibiting  the  results  of  igneous  ac- 
tion in  their  simple  grandeur,  unaltered  and  uncomplica- 
ted by  any  attending  operations.  We  may  hope,  therefore, 
to  find  some  profit  in  contemplating  for  a  few  moments  this 
land  of  the  skies  :  and  although  we  may  not  look  for  very 
speedy  "  annexation,"  we  may  possibly  gather  some  facts 
and  ideas  which  the  decree  of  Truth  will  annex  to  the  domain 
of  Science. 

The  moon,  as  we  all  know,  has  been  minutely  studied  in  a 
physical  point  of  view,  and  already  some  important  geological 
conclusions  have  been  drawn  from  the  facts  it  presents.    The 

eclipse,  Sept.  5,  1793,  observed  the  sharp  horn  of  the  limb  of  the  moon,  and 
says  that  it  seemed  perfectly  regular ;  and  that  a  deviation  of  a  single  second 
by  the  refraction  of  the  solar  light  in  the  moon's  atmosphere  would  not  have 
escaped  him.  Phil.  Trans.,  1794,  p.  39. — As  stated  in  Beer  and  Miidler  (p. 
133),  Schroter  calculated  the  density  of  the  supposed  atmosphere  to  be  one 
twenty-eighth  the  density  of  our  own  atmosphere ;  and  Melanderhjelm  demon- 
strated that  the  moon's  atmosphere,  judging  from  that  of  the  earth,  should 
have  one  thirty-sixth  the  density  of  our  own  atmosphere.  But  the  above-men- 
tioned authors  say  that  we  have  yet  to  prove  that  the  moon  has  any  atmo- 
sphere, adding,  that  it  must  be  very  much  more  rare  than  the  rarest  gas  on 
earth.  They  observe  also,  that  supposing  our  atmosphere  to  extend  through 
space,  its  density  half  way  to  the  moon,  according  to  the  Mariottian  law  of  de- 
crease, would  be  expressed  by  the  fraction  ttjtjVt)©*  the  denominator  extending 
to  ten  thousand  zeros.  The  singular  observation  occasionally  made,  that  during 
the  passage  of  the  moon  over  a  star,  the  star  appears  visible  in  front  of  the  edge 
of  the  moon,  before  disappearing,  may  possibly  indicate  an  extremely  thin  at- 
mosphere or  surface  vapours  :  but  it  has  been  attributed,  with  much  appear- 
ance of  reason  (Kep.  Brit.  Assoc,  1845,  p.  5),  to  diffraction. 

The  absence  of  any  bodies  of  water  on  the  moon  is  placed  beyond  doubt,  both 
by  actual  telescopic  examination,  and  by  inference  from  the  absence  of  clouds. 
There  are  no  streams,  lakes,  or  seas.  An  eminent  astronomer  has  remarked, 
that  the  heat  of  the  surface  exposed  to  the  sun  would  occasion  a  transfer  of 
any  water  the  moon  might  contain  to  its  dark  side,  and  that  there  may  be  frosts 
in  this  part,  and  perhaps  running  Mater  near  the  margin  of  the  illuminated 
portion.  But  in  such  a  case,  would  not  clouds  appear  about  the  margin  at  times 
in  telescopic  views  i 
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altitudes  of  its  mountains  were  first  estimated  by  Galileo,* 
and  afterwards  were  mathematically  calculated  by  Heveliust 
and  Riccioli.  Sir  William  Herscliel  continued  the  investi- 
gations, and  reported  the  probable  activity  of  three  of  its  vol- 
canic mountains. J  Mayer,  Huth,  Harding,  and  Schroter.§ 
and  more  lately  Gruithuisen  and  W.  G.  Lohrmann,||  are  other 
prominent  names  among  those  who  have  added  largely  to 
our  knowledge  of  the  moon's  surface.  More  recently  still, 
MM.  Beer  and  Miidler  have  pursued  this  science  of  Seleno- 
graphy with  wonderful  perseverance  and  labour,  and  have 
given  corrected  results  of  all  previous  calculations,  with  mag- 
nificent maps  of  the  moon's  topography .•[[  1095  heights  were 
carefully  measured  by  them,  and  their  features,  to  a  great 
degree  of  accuracy,  ascertained.  These  maps  have  afforded 
M.  Elie  de  Beaumont  some  deductions  alleged  as  support- 
ing certain  geological  theories.  James  Nasmyth,  Esq.,  in 
the  Transactions  of  the  Royal  Astronomical  Society  for 
the  present  year,  has  published  important  observations  on 
the  features  of  the  moon's  mountains,  and  traced  out  their 
volcanic  character.**  A  very  valuable  memoir,  on  the 
same  topics,  has  been  presented  within  the  current  year  to 

*  In  the  article  referred  to  in  the  Annuaire  des  Longitudes,  (p.  522),  Arago 
states  that  Clearchus,  on  the  authority  of  Plutarch,  described  the  moon  as  smooth 
and  lustrous  like  a  mirror.  Democritus  attributed  the  spots  to  inequalities  of 
surface.  Galileo  first  observed  the  lunar  mountains  with  his  telescope  in  1610, 
and  estimated  their  height  at  one-twentieth  of  the  diameter,  giving  8800  metres 
for  their  altitude,  which  but  little  exceeds  their  actual  height. 

t  J'  Hevelius,  Selenographia ;  fol.,  Gedani,  1647. 

\  Phil.  Trans,  for  1780,  p.  507,  Astronomical  Observations  relating  to  the 
Moon  : — for  1787,  p.  229,  An  Account  of  three  Volcanoes  in  the  Moon  : — for 
1794,  p.  39,  Account  of  some  particulars  observed  during  the  late  eclipse  (in 
1793)  of  the  Sun. 

§  J.  H.  Schroter,  Selenotopographische  Fragmente  zur  genauren  Kenntniss 
der  Mondflache  ihcer  erlittenen  Veranderungen  und  Atmosphare  ;  2  vols,  4to, 
Gbttingen,  1791  and  1802. — Gruithuisen,  in  Bode's  Astron.  Jahrb.,  1825. 
.     II   Topographic  der  sichtbaren  Mondobcrflache,  von  W.  G.  Lohrmann ;  4to, 
Dresden  und  Leipzig,  1824. 

•[  Allgemeine  vergleichende  Selenographie  ;  mit  besonderer  Beziehung  auf 
die  von  den  Vcrfassern  herausgegebene  Mappa  selenographica,  von  W.  Beer 
und  Dr  J.  G.  Madler;  Berlin,  1837. 

**  Memoirs  of  tlie  Ko}  al  Astronomical  Society,  vol.  xv.,  1846.  On  the  Tele- 
scopic Appeai-ance  of  the  Moon,  by  James  Nasmyth,  Esq.,  p.  147. 
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the  Institute  at  Paris,  by  M.  Rozet,  in  which  the  moon  is 
shewn  to  have  been  a  globe  in  complete  fusion,  which  has 
s]owly  cooled ;  and  its  peculiarities  are  dwelt  upon  as  an 
exhibition,  in  many  respects,  of  the  former  state  of  our  own 
planet.* 

In  all  the  geological  observations  which  have  been  hither- 
to made  with  regard  to  the  moon,  one  important  feature  re- 
mains unsatisfactorily  explained.  I  refer  to  the  vast  magni- 
tude of  its  craters.  It  is  not  surprising  that,  in  view  of  their 
stupendous  size,  many  should  have  been  incredulous  as  to 
their  crater  character,  and  preferred  to  designate  them  by 
some  non-committal  term,  as  circular  ridges,  or  ring-moun- 
tains ;  nor  that  geologists,  in  general,  have  hardly  ventured 
to  acknowledge  their  belief  in  these  lunar  wonders.  Imagine, 
if  possible,  in  place  of  an  ordinary  crater,  circular  areas  50 
to  150  miles  in  diameter,  and  10,000  to  20,000  feet  in  depth. 
Such  are  many  of  the  lunar  craters  ;  and  they  are  crowded 
in  great  numbers  over  the  larger  part  of  its  surface,  vary- 
ing from  even  a  more  capacious  magnitude,  down  to  those 
that  measure  but  a  few  miles  in  breadth.  It  is  not  astonish- 
ing that  there  should  be  found  much  difficulty  in  reconciling 
their  features  with  those  of  Vesuvius  and  Etna,  hitherto  re- 
ceived too  generally  as  the  types  of  volcanoes  and  volcanic 
action.  The  crater  of  Kilauea  in  the  Hawaiian  Islands  is  of 
a  wholly  different  character,  and  I  propose  to  present  some 
illustrations  which  it  affords,  appealing  to  such  general  facts 
regarding  it  as  are  already  well  known.  If  I  mistake  not,  it 
will  be  found  to  give  a  full  interpretation  of  whatever  has 
been  considered  mysterious  in  these  lunar  ring-mountains. 
After  tliese  illustrations,  we  may  return  again  to  earth,  and 
apply  the  knowledge  which  we  have  derived  abroad,  in  ex- 
emplifying the  former  geological  history  of  our  own  planet. 

We  may  first  consider  the  general  features  of  the  moon's 
surface. 

About  two-thirds  of  the  lunar  hemisphere  in  view,  com- 
prising almost  the  whole  of  the  southern  half  and  the  north- 
east quarter,  are  covered  thickly  with  volcanic  mountains. 

*  Sur  la  S616nologie,  by  M.  Uozet,  Comptes  Uendus,  1846,  xxii.,  470. 
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Over  a  large  part  of  the  north-west  quarter  there  is  only 
hore  and  there  an  elevation,  and  this  comparative  nudity  ex- 
tends a  considerable  distance  southward  across  the  equator. 
The  features  of  the  surface  may  be  distinguished  as  of  five 
kinds,  viz  : — 

1.  The  ring-mountains,  which  are  broad  truncated  cones 
with  immense  circular  craters.  (See  the  following  figures 
from  Beer  and  Madler.) 

2.  Conical  mountains,  nearly  like  ordinary  volcanoes. 

3.  Linear  or  irregular  ridges. 

4.  Large  depressed  areas,  usually  termed  seas,  but  not  sup- 
posed to  contain  water. 

^  5.  Broad  pale  streaks,  of  great  length. 

6.  Narrow  lines,  supposed  to  be  fissures. 

Out  of  the  1095  heights  measured  by  Beer  and  Madler,  siv 
are  above  20,000  feet  in  altitude,  and  twenty-two  exceed 
15,750  feet. 

The  broad  truncated  cones  with  large  circular  craters,  are 
its  most  common  elevations,  and  are  among  the  loftiest.  The 
pits,  as  we  have  remarked,  are  of  all  dimensions  to  150  miles, 
and  of  various  depths  to  near  25,000  feet.  The  crater  Baily 
is  149^  statute  miles  in  diameter ;  Clavms  is  143^  miles  ; 
Schickard  is  128  miles.  20  to  60  miles  is  the  more  com- 
mon breadth.  The  depth  of  Newton  is  23,833  English  feet ; 
of  Casatus  22,822 ;  of  Calippiis  22,209  ;  of  Tycho  20,181 
feet.*     The  height  above  the  surface  exterior  to  the  cone,  is 

*  AVe  have  stated  that  Galileo  (note  to  page  336)  made  the  altitude  of  the 
higher  of  the  moon's  mountain  8800  metres.  Ilevelius  reduced  their  height  to 
5200  metres.  Riccioli,  as  SI.  Arago  states,  increased  Galileo's  estimate,  and 
his  observations,  as  calculated  by  M.  Keill,  gave  for  the  mountain  St  Catherine 
more  than  14,000  metres.  Herschel  in  1780  (Phil.  Trans,  for  1780,  p.  507; 
also  for  1794,  p.  40),  reduced  again  the  heights,  concluding,  from  his  observa- 
tions, that  the  loftiest  did  not  exceed  a  mile  and  a  half.  The  latest  investiga- 
tions have  restored  them  nearly  to  Galileo's  first  estimate. 

We  state,  for  the  information  of  some  who  have  not  paid  attention  to  the 
subject,  that  these  heights  are  determined,  either  from  the  shadows  of  the  peaks 
on  the  central  plain  of  a  crater  or  the  exterior  surface,  or  by  noting  the  posi- 
tion of  a  summit  when  it  first  becomes  illuminated,  and  calculating  therefrom ; 
the  higher  the  peak,  the  longer  will  be  the  shadow,  and  also,  the  sooner  its  top 
will  be  tipped  with  light.  Should  it  hereafter  be  established  that  the  moon 
has  an  atmosphere,  it  must  be  too  slight  to  affect  appreciably  the  altitudes  de- 
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said  by  Beer  and  M'adler  to  be  often  but  one-half  or  one-third 
the  height  above  the  bottom  of  the  crater ;  the  outer  slopes 

Fig.  2. 
Fig.  1.  — — — i 


are  generally  steep,  so 
that  the  margin  appears 
like  a  raised  rim  around 
the  pit. 

Mr  Nasmyth  figures 
one  which  is  filled  to  its 
summit,  and  is  tipped 
with  a  plain  40  miles  in 
diameter;*  looking,  he 
says,  as  if  *'  brim-full  of 
molten  lava,"  having 
cooled,  probably,  when 
thus  filled. 


termincd :  with  regard  to  the  breadth  of  the  craters,  there  can  be  no  more 
doubt,  than  with  resjiect  to  the  diameter  of  the  moon  itself. 

There  are  many  who  receive  with  scepticism  the  facts  we  have  stated,  or  even 
deny  where  they  know  nothing.  It  is  taking  a  high  ground,  to  dispute  with 
all  the  astronomers  since  Galileo,  and  one  to  which  ignorance  alone  would  pre- 
sume. The  best  antidote  we  can  propose  to  such  presumption,  is  to  take  the 
first  opportunity  which  offers,  to  look  through  a  good  telescope  at  the  moon's 
surface,  and  examine  its  features  for  themselves.  We  j^redict  that  they  will 
soon  become  conscious  of  a  growing  willingness  to  be  humble  learners  of  such 
men  as  Hcrschel  and  others  who  have  made  the  moon  their  study. 

*  Mem.  of  the  Roy.  Astronom.  Soc,  xv.,  152. 


IG  Mr  J.  D.  Dana  on  the  Volcanoes  of  the  Moon. 

The  largest  craters  are  not  contained  in  the  highest  moun- 
tains :  on  the  contrary,  they  are  of  less  altitude  than  those 
of  medium  size,  and  to  a  certain  extent  the  height  varies  in- 
versely with  the  diameter. 

The  pits  are  generally  circular,  and  sometimes  almost  arti- 
ficially regular.  There  are  others  vi^hich  consist  of  two  or 
more  coalesced  circular  pits.  In  still  others,  especially  the 
largest,  the  enclosing  walls  are  broken  into  a  series  of  ridges, 
sometimes  with  large  openings  like  the  break  of  an  erup- 
tion ;  yet  even  then  the  irregular  forms  may  generally  be 
referred  either  to  a  single  circle,  to  a  combination  of  circles, 
or  to  the  formation  of  successive  ridges  one  within  another. 
The  bottom  of  the  pits,  though  generally  flat  or  nearly  so, 
not  unfrequently  contains  small  cones,  or  ridge-like  eleva- 
tions ;  we  call  them  small,  though  some  are  5000  feet  in 
height,  for  they  are  mere  dots  in  the  immense  basin.  Over 
the  exterior  slopes  there  are  many  lateral  cones  of  the  same 
small  dimensions,  and  occasionally  one  as  large  as  Etna  may 
be  distinguished,  besides  others  of  different  sizes  to  a  few 
hundred  feet  in  breadth.  There  are  also  circular  craters 
within  the  larger  pits,  which  are  of  various  dimensions. 

The  pointed  cones  or  peaks,  excepting  those  immediately 
connected  with  the  pit-craters,  are  few  in  number.  Accord- 
ing to  Beer  and  Madler,  JJdrfel,  the  most  elevated  lunar 
peak  measured,  is  24,945  feet  in  height ;  it  is  situated  in  the 
lunar  Apennines  :  Huygens,  another  peak,  is  18,209  feet  in 
altitude. 

The  mountain  ridges  are  peculiar  in  being  generally  elon- 
gated elevations,  or  clusters  of  such  elevations,  without  val- 
leys intersecting  their  declivities,  and  thus  very  unlike  the 
chains  of  our  globe.  As  M.  Rozet  and  others  have  remarked, 
there  is  no  water  on  the  moon  to  wear  out  valleys. 

Many  of  the  depressions  called  seas,  of  which  the  Mare 
Serenitatis,  and  Mare  Crisium,  are  examples,  vary  in  breadth 
to  five  or  six  hundred  miles,  and,  notwithstanding  their  size, 
they  are  identical  in  character  with  the  great  pit-craters, 
their  extent  and  less  depth  being  their  only  characteristics. 
This  view  is  suggested  by  M.  Rozet,  and  their  features 
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clearly  sustain  it.  They  contain  cones  and  circular  areas 
like  the  better  defined  pits.* 

The  light  streaks  alluded  to  form  radiating  lines  around 
large  cones,  and  especially  about  Eider,  Kepler,  Copernicus, 
and  Aristarchus.  They  are  from  one  to  five  hundred  miles 
in  length,  and  cross  ridges  and  depressions,  without  inter- 
ruption. They  coalesce  about  the  summit  of  Kepler,  so  that 
the  whole  surface  appears  nebulous. 

The  various  pit-craters  differ  in  shade  of  colour,  or  rather 
in  the  degree  of  light  they  reflect ;  and  ten  different  degrees 
are  distinguished  in  the  work  of  Beer  and  Madler.  1  to  3, 
he  says,  may  be  described  as  grey,  4  to  5  light  grey,  6  to  7 
Avhite,  8  to  10  shining  white.  The  so-called  seas,  though  but 
slightly  depressed,  are  sometimes  very  much  lighter  than 
the  surrounding  surface.  In  some  instances,  as  these  authors 
state,  two  pits,  side  by  side,  alike  in  size  and  features,  so 
differ  in  brilliancy  that  one  is  wholly  obscured  in  the  full 
moon,  while  the  other  still  shines :  the  two  are  seen  together 
again  as  soon  as  their  shadows  reappear.  The  brightest 
craters  are  Aristarchus,  Werner,  and  Proclus.  Aristarchus 
is  7629  feet  in  depth.  It  has  a  point  of  greatest  brilliancy, 
besides  two  or  three  separate  circular  spots  remarkably  light. 
Werner  has  a  single  brilliant  point.  Proclus  has  brilliant 
walls,  yet  it  is  dark  at  bottom. 

Sir  William  Herschel  published  the  first  account  of  exist- 
ing volcanic  action  in  the  moon.  In  a  notice  of  three  lunar 
volcanoes,t  he  says  that  two  of  them,  on  April  19, 1787,  were 
either  nearly  extinct  or  about  to  break  out,  while  the  third 
was  in  actual  eruption.  April  20,  he  observed  that  the  active 
one  burned  with  greater  violence  ;  and  he  estimated  that  the 
fiery  area  was  above  three  miles  in  diameter.  All  the  adja- 
cent parts  of  the  crater  seemed  to  be  illuminated  by  the 
eruption.  I     The   other  two  volcanoes,  he  says,  resembled 

*  The  "  seas,"  according  to  M.  Rozet,  have  escarpments  of  45  degrees,  some 
of  which  are  400  metres  in  height.  In  the  interior  there  are  annular  cavities, 
perfect  rings  in  shape,  the  diameter  of  which  attains  sometimes  to  100,000 
metres. 

t  Phil.  Trans,  for  1787,  p.  229. 

X  It  is  supposed  that  this  crater  was  that  called  Aristarchw,  or  the  Mons  Por- 
VOTi.  XLIII.  NO.  LXXXV.— .lULY  1847.  B 
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large  pretty  faint  nebulae,  tha-t  are  gradually  much  brighter 
at  the  middle,  but  no  well  defined  luminous  spot  could  be 
distinguished.  Herschel  alludes  also  to  an  eruption  seen  by 
him  previously,  in  1783. 

Such  are  the  general  facts,  which  call  for  explanation  ;  to 
wit,  the  existence  of  circular  pit  craters,  5  to  150  miles  in 
diameter,  and  5000  to  24,000  feet  in  depth, — the  great  num- 
ber of  these  pit  craters,  and  their  peculiar  features,— -the  de- 
pressions of  a  similar  character  of  still  larger  area, — and  the 
various  degrees  of  illumination  of  the  craters.  Well  may 
the  Vesuvian  vulcanist  look  with  doubt  upon  such  vast  gulfs  ; 
for  he  finds,  in  his  well-known  volcano,  nothing  parallel  in 
kind  or  degree.  The  little  dark  hole  at  the  top  of  his  moun- 
tain has  scarcely  a  single  point  of  resemblance  to  the  open 
walled  areas  of  the  moon. 

But  the  case  is  different  with  Kilauea,  to  which  we  now 
direct  our  attention.  We  observe  that  the  facts  this  crater 
presents  are  precisely  the  same  in  kind  as  those  of  the  moon. 

1.  The  crater  is  a  large  open  pit,  exceeding  three  miles  in 
its  longer  diameter,  and  nearly  a  thousand  feet  deep. 

2.  It  has  clear  bluff  walls  through  a  greater  part  of  its  cir- 
cuit, with  an  inner  ledge  or  plain  at  their  base,  raised  340 
feet  above  the  bottom. 

3.  The  bottom  is  a  plain  of  solid  lavas,  entirely  open  to 
day,  which  may  be  traversed  with  safety  ;  over  it  there  are 
pools  of  boiling  lava  in  active  ebullition,  and  one  is  more 
than  a  thousand  feet  in  diameter.  There  are  also  cones  at 
times  from  a  few  yards  to  2G0O  or  3000  feet  in  diameter,  and 
varying  greatly  in  angle  of  inclination.  The  largest  of  these 
cones  have  a  circular  pit  or  crater  at  summit. 

Compare  these  characters  severally  with  the  lunar  craters, 
and  an  identity  will  be  perceived  even  to  the  ledge  that  sur- 


phyrites  of  Hevelius.  Aristarchus  is  described  as  apparently  in  action  in  1821 
by  II.  Kater,  in  the  Philosophical  Transactions  for  1821,  p.  130  ;  also  by  Kev. 
M.  Ward,  at  nearly  the  same  time,  in  the  Memoirs  of  the  Royal  Astronomical 
Society,  i.,  167  ;  also  the  following  year  by  Ilev.  Fearon  Fallows,  in  the  Philo- 
sophical Transactions  for  1822,  p.  237.  Dr  Olbers  observed  Aristarchus  at  the 
same  time  witli  Kater  in  1821,  and  attributed  the  light  to  the  reflection  of  the 
earth's  light  by  its  smooth  rocks. 
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rounds  tlie  lower  pit,  and  the  various  forms  of  the  cones.  ,  A 
large  number  of  the  lunar  craters  have  an  inner  circle 
either  as  a  terrace  or  ridge.  The  ledge  within  Timocharis 
(fig.  1),  is  very  similar  to  that  of  Kilauea,  and  is  continued 
around  the  whole  pit  unbroken  as  in  the  Hawaiian  crater. 
The  other  figures  illustrate  the  same  feature  in  different  con- 
ditions. Some  of  them,  too,  contain  circular  areas  with  the 
rim  scarcely  elevated  (fig.  2),  and  others  raised  into  cones 
(fig.  3)  :  and  so,  in  Kilauea,  there  are  at  times  boiling  lakes 
in  the  bottom  plain,  and  other  poojs  constitute  the  summits 
of  cones  which  they  themselves  have  formed.  To  appreciate 
the  comparison,  it  must  be  remembered  that  the  Hawaiian 
pit-crater  is  upwards  of  three  miles  in  length,  and  averages 
nearly  half  this  in  breadth  ;  and  that  the  largest  boiling  pool, 
though  more  than  1000  feet  in  diameter,  is  still  a  small  spot 
in  the  extensive  area.  During  times  of  gi^eater  activity,  the 
whole  pit  is  in  every  part  lighted  with  the  fiery  lavas,  over- 
flowing at  times  from  the  numerous  lakes,  and  jetted  from 
the  many  cones. 

The  circular  or  slightly  elliptical  form  of  the  moon's  cra- 
ters is  also  exemplified  to  perfection.  For  the  lakes  of  Ki- 
lauea have  this  shape  ;  and  although  the  pit  itself  is  oblong, 
owing  to  its  situation  on  a  fissure,  other  large  though  extinct 
pit-craters  of  Mount  Loa  are  quite  as  regularly  circular  in 
form.  Some  are  twins  ;  that  is,  are  made  up  of  two  or  threq 
coalescing  circles. 

AVe  have  chosen  Kilauea  for  these  illustrations,  because  it 
i.s  now  in  action,  and  the  features  appealed  to  have  been 
familiar  to  us,  since  the  first  publications  of  Admiral  Byron, 
and  liev.  Charles  S.  Stewart.  I  may  add,  that  the  facts  are 
finely  illustrated  in  the  Narrative  of  the  Exploring  Expedi- 
tion by  Captain  Wilkes,*  and  they  will  be  farther  detailed  in 
the  Expedition  Geological  Report  on  the  Hawaiian  Islands, 
now  in  course  of  preparation.  The  exact  application  of  these 
facts,  as  far  as  regards  general  features,  to  the  summit  cra- 
ter of  Mount  Loa,  will  be  found  fully  sustained  by  the  plans 
and  views  accompanying  the  Narrative. 


*  See  Narrative,  vol.  iv.,  p.  125,  and  the  map  of  part  of  Hawaii,  in  vol.  vi. 
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Whence  all  this  close  resemblance  to  the  lunar  craters, 
while  other  volcanoes  are  so  different  \  It  arises  from  the 
fact,  that  the  action  at  Kilauea  is  simply  hailing^  owing  to 
the  extreme  fluidit}'  of  the  lavas.  The  gases  or  vapours  which 
produce  this  appearance  of  active  ebullition,  escape  freely  in 
small  bubbles  with  little  commotion,  like  the  jets  over  boil- 
ing water ;  while  at  Vesuvius,  and  other  like  cones,  they 
collect  in  immense  bubbles  before  they  accumulate  force 
enough  to  make  their  way  through  ;  and,  consequently,  the 
lavas  in  the  latter  case  are  ejected  with  so  much  violence, 
that  they  rise  to  a  height  often  of  many  thousand  feet  and 
fall  around  in  cinders.  This  action  builds  up  the  pointed 
mountain,  while  the  simple  boiling  of  Kilauea  makes  no  cin- 
ders and  no  cinder  cones.  Still,  altliough  the  lavas  of  this 
crater  are  Aot  thrown  to  a  great  height,  they  may  make  cones 
of  any  angle,  even  by  overflowing  alone  ;  especially  by  small 
or  partial  overflowings,  which  melt  together,  cooling  at  the 
same  time  rapidly.  They  thus  sometimes  raise  a  steep  rim 
around  a  pool.  This  point  has  been  well  presented  by  M. 
C.  Prevost,*  and  in  another  place  we  shall  mention  many 
facts  in  illustration  of  it. 

If  the  fluidity  of  lavas,  then,  is  suflicient  for  this  active 
ebullition,  we  may  have  boiling  going  on  over  an  area  of  an 
indefinite  extent ;  for  the  size  of  a  boiling  lake  can  have  no 
limits  except  such  as  may  arise  from  a  deficiency  of  heat. 
The  size  of  the  lunar  craters  is,  therefore,  no  mystery.  Nei- 
ther is  their  circular  form  of  difficult  explanation  ;  for  a  boil- 
ing pool  necessarily,  by  its  own  action,  extends  itself  circu- 
larly around  its  centre.t  The  combination  of  many  circles, 
and  the  large  sea-like  areas,  are  as  readily  understood.  % 


*  Bulletin  de  la  Soc.  Geol.  de  France,  xi.,  1839  a  1840,  p.  183. 

T  Mr  Na3myth  suggests  that  the  quietness  of  tho  lunar  atmosphere  may  ac- 
count for  the  regularity  of  the  circles. 

+  M.  Rozet  observes,  in  his  article  referred  to,  that  the  moon's  craters  do  not 
resemble  those  of  our  volcanoes  :  and  he  explains  them  by  supposing,  that 
during  the  cooling  of  the  moon's  surface  there  were  ivhirlpools  or  circular  flow- 
ings,  which  carried  the  scoria  from  the  centre  to  the  circumference,  and  thus 
accumulated  the  enclosing  ridges.  We  see  no  cause  for  the  existence  of  whirl- 
pools ;  nor  for  such  a  result  from  vortical  movements. 
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With  so  perfect  a  correspondence,  and  so  satisfactory  ex- 
planations by  means  of  an  appeal  to  facts,  it  is  hardly  neces- 
sary to  enter  a  protest  against  the  ordinary  view,  that  these 
craters  are  the  result  of  cinder  eruptions.*  We  remark  only, 
that  such  eruptions  will  never  take  place  except  from  small 
vents,  for  the  cold  which  gives  the  viscidity  on  which  they 
depend,  necessarily  contracts  the  area.  In  a  large  pool  the 
fluidity  is  such,  that  the  rising  vapours  pass  off  freely :  the 
ejections  over  its  surface,  excepting  those  at  the  margin,  will 
fall  back  again  into  the  pool,  as  in  boiling  water  and  Kilauea, 
and  could  neither  rise  to  the  height,  nor  make  such  curves, 
as  are  represented  by  Mr  Nasmyth.  Instead  of  a  large  open 
crater  having  greater  projectile  force  in  proportion  to  its 
size,  it  will  actually  have  far  less  ;  and  within  certain  limits 
the  force  may  be  inversely  as  the  diameter,  though  depend- 
ent also  on  the  size  of  the  chimney  above. 

Any  vents  in  the  moon  in  which  the  fires  had  partially  sub- 
sided, would  have  densely  viscid  lavas  from  partial  cooling  ; 
and  in  these  there  would  be  loftier  ejections  like  those  of 
ordinary  volcanoes,  forming  high  conical  peaks  with  narrow 
openings,  if  any,  at  summit. 

The  great  depth  of  the  lunar  pits  seems  to  require  another 
element  for  its  explanation,  in  addition  to  what  has  been  pre- 
sented. This  is  supplied  by  the  fact  of  the  less  specific  gra- 
vity of  substances  on  the  moon  ;  for  objects  on  its  surface 
have  but  one-sixth  the  specific  gravity  they  have  on  the 
earth  :  that  is,  iron  would  weigh  but  one-sixth  what  it  does 
here.  The  lavas  would,  therefore,  not  only  be  specifically 
lighter,  but  would  become  more  blown  up  with  the  vapours, 
or  more  spongy.  On  the  same  ground,  too,  we  understand 
why  the  moon's  great  craters  should  so  generally  terminate 
in  a  raised  rim,  while  those  of  the  earth,  like  Mount  Loa, 
have  very  gently  sloping  sides  and  summit.  This  raised  rim 
is  fully  illustrated  about  the  Kilauea  pools,  as  we  have 
already  stated  :  but  in  large  overflowings,  the  earth's  lavas, 
owing  to  their  weight,  flow  far  away  by  gravity,  and  this 


*  Sec  the  views  and  remarks  of  Mr  J.  Nasmyth,  loc,  sit. 
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feature  is,  therefofe,  never  exemplified  on  the  earth  oti  tlie 
same  grand  scale  as  in  the  moon.* 

We  may,  therefore^  say  unhesitatingly,  without  fearing  an 
impeachment  of  our  sobriety,  that  the  moon's  volcanoes  arc 
in  fact  volcanoes,  either  extinct  or  active,  although  the  cra- 
ters would  receive  comfortably  more  than  a  score  of  Etnas. 
AVe  also  comprehend  the  important  fact,  that  a  cooling  globe 
would  become  at  first  a  scene  of  great  boiling  lakes  from  tlic 
hardening  of  some  portions  ; — tliat  on  a  farther  diminution 
of  heat,  these  lakes  would  partially  cool,  excepting  points  or 
areas  of  greatest  heat,  and  thus  a  subdivision  of  them  would 
result ;  or  else,  they  would  gradually/  contract  their  overflow- 
ings, and  so,  as  gradually,  contract  the  size  of  the  vent,  obli- 
terating all  evidence  of  the  former  size  :  or  again,  they  would 
more  abruptly  contract,  and,  consequently,  form  an  inner 
ledge  concentric  with  the  outer  walls,  and  perhaps  also  other 
concentric  ledges  still  smaller. 

This  is  well  illustrated  in  the  figures,  and  nothing  could 
better  indicate  the  mode  of  action  which  characterizes  the 
moon's  craters,  for  we  may  trace  out  the  successive  diminu- 
tions. In  Heinsius  (fig.  3),  which  is  forty-eight  miles  in  its 
longer  diameter,  this  is  beautifully  shewn  ;  there  is  one  low 
ledge  within  another  nearly  concentric,  and  finally  a  smaller 
bircular  pit,  of  twelve  miles  breadth, — no  mean  size,  though 
we  call  it  small.  An  outer  concentric  ridge  is  also  apparent 
through  part  of  its  circuit,  which  may  have  been  a  still  ear- 
lier outline  ;  and  being  lower  than  the  ridge  next  within,  it 
illustrates  the  statement,  if  the  hypothesis  be  true,  that  the 
larger  craters  have  lower  walls.  It  is,  however,  possible 
that  it  may  have  resulted  from  a  subsidence  in  the  area 
around,  as  has  happened  at  Kilauea.  The  same  facts  are 
fetill  shewn  by  the  mountains  Ahulfeda  and  Timocharis  ;  and 
we  have  already  remarked  that  the  crater  of  the  last  men- 
tioned has  very  nearly  the  features  of  the  Kilauea  pit.  Again, 
they  might  finally  so  far  diminish  their  size  by  the  cooling 
in  progress,  that  there  would  no  longer  be  free  ebullition,  and 
the  vapours  having  to  force  their  way  up,  would  break 

*  The  elevation  theory  of  Von  Buch  has  been  6upj)ortecl  from  facts  in  the 
moon.     We  offer  nothing  here  on  that  subject. 
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through  with  explosive  violence,  producing  an  alternation,  it 
may  be,  of  cinder  and  lava  eruptions,  or  cinder  eruptions 
alone  at  summit,  and  raising  up  conical  pointed  peaksi  These 
different  phases,  in  connection  with  fissure  eruptions  and  up- 
liftings  from  contraction,  from  both  which  causes  ridges 
might  result,  give  us  a  complete  and  comprehensive  view  of 
the  origin  of  the  moon's  features; 

Are  the  lunar  craters  still  active  ?  To  a  very  great  extetlt 
the  surface  has  evidently  cooled  ;  and  whether  there  are  any 
active  points  is  a  matter  of  doubt.  But  without  admitting 
igneous  action  at  the  present  time  in  some  parts,  how  can 
the  facts  mentioned  with  regard  to  the  difference  in  the  light 
of  different  portions  of  the  moon's  surface  (p.  17)  be  satis- 
factorily explained  \  This  difference  may  possibly  be  partly 
accounted  for  on  the  ground  (borne  out  by  Kilauea),  that  the 
bottom  of  a  crater  may  have  a  smoother  surface  than  the  de- 
clivities or  plains  exterior.  Perhaps  also  there  is  something 
attributable  to  a  difference  of  material,  though  this  is  not 
probable.  If  these  explanations  are  received  as  sufficient  for 
the  craters,  they  fail  of  satisfying  Us  with  regard  to  the  light 
streaks  which  are  so  remarkable  about  some  cones — coursing 
over  ridges  and  depressions  without  interruption.  The  fact 
of  illuminated  walls  to  a  crater  when  the  bottom  is  not  illu- 
minated, and  the  general  diffusion  of  light  when  one  or  more 
bright  areas  of  small  extent  may  be  distinguished,  are  also 
points  not  easily  understood  on  the  above  suppositions.  May 
it  not  be,  that  we  should  attribute  some  of  the  instances  of 
lighted  areas  to  a  covering  of  vapours  from  the  igneous  ac- 
tion beneath  \  The  light  streaks  are  not  depressions,  and, 
therefore,  hot  broad  fissures  having  the  great  width  they  ex- 
hibit ;  but  they  may  be  regions  containing  many  fissures  from 
which  vapours  are  escaping,  and  by  the  coalescence  of  such 
areas,  the  summit  of  a  crater  like  Eider  might  appear  illu- 
minated. Such  vapours  might  so  cover  the  bottom  of  a  cra- 
ter that  the  walls  would  appear  brightest.  Moreover,  they 
might  leave  the  cones  within  a  crater  still  distinct ;  for  if 
spread  out  at  a  height  of  500  feet  above  the  bottom,  they  would 
still,  in  many  instances,  be  more  than  10,000  feet  below  the 
summit,  and  far  below,  too,  the  tops  of  interior  peaks. 


24  Mr  J.  D.  Dana  on  the  Volcanoes  of  the  Moon. 

As  there  is  little  or  no  water  in  the  moon  to  aid  volcanic 
action,  sulphur  has  probably  played  an  important  part  in  its 
igneous  changes  ;  for  this  is  not  only  a  prevalent  means  of 
igneous  operations  on  our  globe,  but  occurs  in  meteoric  stones, 
pyrites  being  one  of  their  common  constituents.  We  may, 
therefore,  believe  that,  wherever  there  is  action  in  the  moon, 
sulphur  and  any  other  vapourizable  material  present,  are  con- 
stantly escaping,  either  as  simple  vapour  or  in  some  gaseous 
combination,  and  forming  a  very  low  covering  over  certain 
portions. 

As  we  have  observed,  the  existence  of  actual  volcanic  erup- 
tion in  the  moon  is  still  doubtful,  and  we  must  look  to  new 
facts  to  settle  the  point.  But  we  cannot  doubt  that  the  sur- 
face in  former  periods  has  been  everywhere  in  violent  action, 
and  that  its  pools  of  fire  were  once  measured  by  scores  of 
miles  instead  of  by  hundreds  of  yards,  as  with  our  existing 
volcanoes.  And  many  of  these  immense  basins  remain  still 
open  for  examination,  presenting  indications  of  the  various 
changes  which  accompanied  the  gradual  decrease  of  igneous 
action  during  the  cooling  in  progress.  A  map  of  the  moon, 
if  there  is  any  truth  in  these  views,  should  be  in  every  geo- 
logical lecture  room  ;  for  nowhere  can  we  have  a  more  com- 
plete or  more  magnificent  illustration  of  volcanic  operations. 
Our  own  sublimest  volcanoes  would  rank  among  the  smaller 
lunar  eminences  ;  and  our  Etnas  as  but  spitting  furnaces. 

In  continuation,  I  would  ask  attention  to  some  thoughts 
bearing  on  our  own  planet,  which  are  suggested  by  this  study 
of  the  moon's  surface. 

If  the  earth  was  once  a  melted  globe,  it  must  have  passed 
through  the  same  phases  as  the  moon,  with  this  very  import- 
ant difference,  that  the  whole  surface  during  its  progress  was 
subject  to  the  denuding  action  of  waters,  and  from  the  first 
had  valleys  and  sedimentary  rocks  in  progress.  It  must  have 
had  originally  its  boiling  pools  of  vast  extent ;  which,  as  tlie 
action  decreased  in  violence  would  more  or  less  gradually 
contract.  Are  there  any  remains  of  these  great  craters  \  Or 
have  they  disappeared  by  a  decrease  in  the  volcanic  action 
and  thus  graduated  into  existing  mountains,  or  have  they 
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been  swept  away  by  the  changes  of  time  \  M.  Von  Buch  has 
described  a  circular  area  on  the  island  of  Palma,  one  of  the 
Canaries,*  six  miles  in  diameter,  which  has  been  compared 
to  a  lunar  crater,  with  some  appearance  of  reason.  It  is,  in 
fact,  hardly  twice  the  diameter  of  Kilauea,  which  it  other- 
wise resembles.  On  Mauritius  there  is  a  similar  area,  fifteen 
miles  in  diameter,  surrounded  by  precipitous  walls  composed 
of  the  edges  of  strata  dipping  outward-t  Either  it  is  a  vol- 
canic mountain  whose  centre  has  fallen  in,  as  suggested  by 
M.  Eailly,  or  it  is  the  remains  of  a  great  pit-crater.  I  merely 
state  the  fact  without  expressing  an  opinion.  Other  instances 
might  be  mentioned,  but  this  will  suffice.  At  the  present 
period,  few  active  boiling  pits  remain,  and  Kilauea  is  the 
only  one  whose  characters  have  been  well  determined.  The 
surface  fires  of  the  globe  have  so  far  subsided  in  action, 
that  in  nearly  every  existing  volcano,  cinder  ejections  charac- 
terize the  action  at  summit,  and  eruptions  of  lavas  in  streams 
are  confined  to  fissures  through  the  sides  and  flanks  of  the 
mountain. 

II.  We  are  led  by  the  facts  displayed,  to  remark  also  on 
the  origin  of  the  mineral  constitutio7i  of  igneous  rocks. 

It  has  been  a  difficult  problem  for  solution,  why  volcanic 
regions  should  have  a  centre  of  solid  feldspathic  rocks,  un- 
sfcratified  and  compact,  while  the  exterior  consisted  mainly  of 
basaltic  lavas.  Scrope,  Von  Buch,  and  other  writers  on  vol- 
canoes, have  mentioned  instances  of  this  structure ;  and  it 
seems  to  characterize  generally  the  large  volcanic  mountains. 
It  is  well  exhibited  when  the  elevations  are  cut  through  by 
gorges ;  and  when  not,  the  clinkstone  appears  often  at  the 
summit  of  the  cone  or  dome.  The  explanations  we  here  ven- 
ture, proceed  on  two  principles  : 

1.  The  motion  which  belongs  to  a  boiling  fluid. 

2.  The  less  fusibility  of  feldspar  than  the  other  ingredients. 
In  the  great  boiling  pools,  there  will  necessarily  be  a  rising 

of  the  fluid,  in  the  hotter  part,  and  a  flow  away  towai^ls  either 
side,  producing  a  kind  of  circulation.    This  is  no  h)  pothesis, 

*  Desc.  rhys.  des  lies  Canaries.     Paris,  1836,  p.  281. 
t  Darwin's  Volcanic  Islands.     London,  1844,  p.  30. 
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as  the  fjict  may  be  witnessed  in  any  boiling  cauldron ;  and 
the  lavas  of  Kilauea  are  a  visible  example  of  it.  Tlie  ebul- 
lition in  lavas  on  the  earth,  proceeds  principally  from  the 
vapours  of  water  and  sulphur,  which  are  constantly  rising 
through  them,  inflating  them  more  and  more  as  they  ascend, 
and  finally  escaping  in  bubbles  at  the  surface.  Now  the 
feldspar  being  the  less  fusible  part  of  the  lavas,  would 
thicken  somewhat,  wherever  the  temperature  became  too 
low  for  complete  fusion  ;  the  more  liquid  portion  would  then 
ascend  tnost  easily,  being  carried  along  by  the  inflating  va- 
pours, and  much  of  the  feldspar  would  thus  be  left  behind, 
and  it  might  be  in  a  nearly  pure  state.  The  centre  of  the 
volcano  under  this  action  becomes  necessarily  feldspathic. 
The  summit  might,  therefore,  eject  either  basaltic  or  feldspa- 
thic rocks  from  the  material  of  the  vent ;  though  when  the  ac- 
tion was  violent  and  deep,  it  would  eject  feldspathic  rocks  alone. 

At  the  same  time  the  basaltic  lavas,  descending  laterally 
in  this  system  of  circulation  along  the  sides  of  the  great  cen- 
tral conduit,  may  pass  out  as  flank  eruptions  through  fis- 
sures. Besides,  there  will  also  be  basaltic  ejections  from 
sources  of  lavas  at  a  distance  from  the  central  conduit,  where 
they  have  not  been  subjected  to  the  separating  process  de- 
scribed ;  and  this  may  be  the  more  common  source. 

Mountains  with  a  feldspathic  centre,  and  basaltic  layers 
forming  the  circumference,  are  therefore  quite  intelligible 
without  supposing  the  feldspar  to  have  been  first  thrown  up, 
or  appealing  to  a  different  system  of  fissures  for  their  origin, 
and  the  examples  which  the  moon  presents,  are  more  exten- 
sive than  is  necessary  to  explain  the  widest  facts  on  the 
earth.* 

*  It  is  common  to  say  that  certain  domes  of  tracliyte  were  thrown  up  in  a 
pastij  or  imperfectly  fluid  state,  in  order  to  account  for  the  fact,  that  there  is 
no  appearance  of  the  rock's  having  flowed  in  streams.  Without  intending  to 
refer  the  origin  of  these  domes  to  any  particular  cause,  I  woiild  suggest  the 
query,  whether,  if  their  formation  was  subaerial,  this  past^j  state  does  not  neces- 
sarily imply  that  the  ascending  vapours  would  have  found  some  difficulty  in 
escaping,  and  would  have  broken  through  with  explosions,  as  explained  in  the 
foregoing  pages ;  and,  consequently,  that  there  would  have  been  scoria  and  cin- 
ders accompanying  the  ejections  ?  or  may  we  believe  it  probable,  that  the  paste 
was  so  dense  that  water  would  not  make  its  way  up  and  escape  as  vapour  ?   Is 
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In  these  remarks  we  have  spoken  of  the  lavas  as  consisting 
mainly  of  feldspar  and  augite,  their  more  common  constitu- 
tion ;  but  v^^e  use  the  terms  in  a  general  sense,  understand- 
ing by  feldspar  one  or  another  of  the  feldspar  family  of  mi- 
nerals, and  by  augite  the  remaining  fusible  material,  whether 
ordinary  augite  (silicate  of  lime,  magnesia  and  iron),  or  sili- 
cates of  one  or  more  of  these  bases  or  alumina  in  other  com- 
binations. 

There  is  some  difficulty  in  applying  this  hypothesis  to  par- 
ticular cases,  on  account  of  our  ignorance  of  the  actual  fusi- 
bilities of  the  materials  of  the  lava,  in  the  condition  in  which 
they  are  placed  ;  for  we  know  that  an  infusible  mineral  may 
be  held  in  fusion  under  certain  circumstanceSj  or  with  cer- 
tain mineral  associations,  far  below  the  temperature  at  which 
it  fuses  ;  or,  previous  to  the  commencement  of  cooling,  it  may 
be  in  some  other  combination. 

We  should  infer  that  the  process  which  separates  the  feld- 
spar, would  also  separate  any  excess  of  the  more  infusible 
mineral  quartz.  This  may  not  follow  :  still  it  is  a  remark- 
able fact,  that  the  quantity  of  quartz  contained  in  trachyte 
is  often  in  great  excess,  as  analyses  have  shewn.  But  why 
is  Jiot  the  infusible  mineral  chrysolite  also  detained  \  The 
fact  appears  to  be,  that  it  is  of  subsequent  formation.  The 
small  proportion  of  silica  it  contains  implies  a  deficiency  of 
this  substance  ;  while,  as  we  have  stated,  in  the  feldspathic 
rocks  there  is  often  an  excess.  It  may,  therefore,  under  cer- 
tain circumstances  proceed  from  the  basaltic  material,  for  its 
elements  are  the  same  in  different  proportions.  Subsequent 
investigations  may  give  us  more  light  on  this  point. 

The  general  principle  which  we  have  above  brought  for- 
ward, is  well  illustrated  in  the  fact,  that  the  scoria  or  sur- 
face glass  of  any  vent,  where  it  occurs,  is  the  most  fusible 
part  of  the  lava,  consisting,  in  general,  of  ferruginous  or  al- 
kaline silicates,  and  containing  no  magnesia.  On  account  of 
the  diminished  heat,  this  material  alone  remains  sufficiently 
fluid  to  be  inflated  and  borne  up  to  the  surface  by  the  rising 
vapours  :  and  this  takes  place  in  spite  of  superior  gravity. 

this  last  supposition  borne  out  by  any  existing  example  of  subaerial  volcanic 
action  ? 
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We  hence  comprehend  the  rapid  cooling  which  character- 
izes ejected  lavas, /«?r  onltf  a  part  of  the  material  is  in  complete 
fusion. 

The  actual  nature  of  the  cooled  igneous  rock  may  be'more 
correctly  understood,  if  we  consider  that  the  minerals  pre- 
sent will  depend,  not  only  on  heat  and  pressure,  and  the 
causes  above  alluded  to,  but  also  on  rate  of  cooling.  The 
effect  of  slow  cooling  is  exemplified  in  the  feldspathic  centre 
of  a  volcanic  mountain.  Being  wholly  enclosed  by  rocks,  the 
heat  of  fusion  passes  oif  slowly,  and  owing  to  the  pressure  of 
its  own  superincumbent  portions,  the  rock  is  compact.  What- 
ever augite  may  be  present,  instead  of  appearing  as  augite, 
will  take  the  form  of  hornblende,  a  mineral  which  requires 
slow  cooling,  and  differs  from  augite  in  the  crystalline  form 
which  it  thus  receives.  In  corroboration  of  this  statement, 
hornblende  is  common  in  trachytes  and  such  feldspathic 
rocks.  The  same  remarks  apply  to  mica :  and  other  mine- 
rals also  may  form  according  to  the  elements  present.  Chry- 
solite is  not  met  with  :  it  occurs  only  where  there  is  a  more 
rapid  rate  of  cooling,  as  in  the  formation  of  ordinary  basaltic 
rocks  or  lavas. 

Farther,  we  observe,  that  with  a  still  more  gradual  rate  of 
cooling,  the  whole  feldspathic  rock  becomes  crystalline  in 
texture  like  a  granite  or  syenite,  and  it  is  well  known  that 
granite-like  or  syenitic  rocks  or  peaks  occur  in  some  volcanic 
regions,  whose  interior  has  been  laid  open  by  denudation. 
Many  minerals,  too,  might  crystallize  under  these  circum- 
stances, which,  with  more  rapid  cooling,  would  not  be  dis- 
tinguishable. 

The  boiling  process  in  a  large  volcano,  therefore,  in  con- 
nection with  the  circumstances  of  temperature,  rate  of  cool- 
ing, the  fusibilities  of  different  minerals,  and  the  other  causes 
alluded  to,  will  account  for  the  various  features,  positions, 
and  relations  of  igneous  rocks,  and  for  many  facts  relating 
to  the  distribution  of  igneous  minerals.*  We  may  hence  rea- 
sonably infer  that  granite  and  granite  minerals  may  form  un- 

*  The  general  causes  referred  to,  act  under  the  guiding  laws  of  crystallo- 
geny,  which  laws  regulate  the  particular  positions  of  minerals  according  to  the 
principles  exemplified  in  segregations  or  radiated  crystallizations,  and  tlxe  lanii- 
jiated  or  ck'tivablc  t^lruclurc  of  igneous  rocke;. 
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der  the  same  circumstances,  if  the  elements  arc  present  in 
the  material  in  fusion  ;  for  the  syenites  alluded  to  are  closely 
allied  rocks  in  texture  and  character.  At  a  former  meeting 
of  this  Association,  it  was  suggested  by  me  that  some  regions 
of  granite  peaks  may  have  been  centres  of  ancient  igneous 
action  ;  and  their  being  surrounded  or  bordered  by  horn- 
blendic  rocks,  seems  to  point  to  some  actual  analogy  with 
the  trachytic  centres  and  basaltic  circumference  of  mountains 
admitted  to  have  been  volcanic. 

The  opinion  that  the  nature  of  the  resulting  rock  is  di- 
rectly connected  with  the  nature  of  the  rock  which  had  enter- 
ed into  fusion,  cannot  be  maintained  if  the  above  views  be 
true.  On  the  contrary,  it  appears  that  while  the  result  may 
thus  be  varied,  the  mode  of  distributing  minerals  in  a  vol- 
canic focus  by  the  boiling  process,  may  produce,  from  the  same 
material,  rocks  of  a  j)redominant  feldspathic  character  in  one 
place,  and  rocks  of  a  hornblendic  or  augitic  character  in  other 
places.  Simple  feldspathic  granites  may  be  fused  and  ejected 
as  feldspathic  rocks,  like  those  of  porphyry  dikes.  But  it  is 
an  interesting  fact,  that  the  rock  of  most  dikes  is  of  the 
augitic  (or  hornblendic)  kind,  like  the  dikes  of  volcanoes  that 
rise  from  sources  in  which  the  separating  process  could  not 
have  been  operating.* 

We  also  arrive  at  the  important  conclusion,  that  rocks  per- 
fectly compact  in  texture  may  be  of  subaerial  origin,  as  we 
have  pressure  from  the  fluid  lavas  themselves  in  the  volcanic 
focus. 

Another  deduction  proceeds  from  the  facts  stated  ; — that 
the  same  igneous  rocks  may  occur  of  all  ages,  provided  the 


*  Mr  Darwin  has  accounted  for  the  distribution  of  feldspathic  and  augitic 
rocks  in  volcanoes,  on  the  ground  of  their  different  specific  gravity.  But  with 
this  cause  alone,  the  lower  parts  of  the  feldspathic  peaks  should  be  expected  to 
contain  the  heavier  augitic  material,  which  is  not  the  case.  He  also  argues 
that  the  feldspar  would  rise  in  the  fluid  as  crystals,  and  so  the  augite  sink. 
But  we  know,  in  the  first  place,  that  crystals  do  not  appear  till  incipient  solidi- 
fication ;  and,  if  the  augite  and  feldspar  were  both  distinct  crystals,  where 
would  be  the  fusion  ?  Aguin,  the  feldspar  rocks  are  amorphous,  except  with  a 
very  slow  rate  of  cooling ;  and  how,  then,  can  the  existence  of  appreciable 
crystals  be  assumed  ? 
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atmosphere  or  waters  of  the  earth  were  not  too  warm  for 
tlie  more  rapid  rate  of  cooling  required  for  uncrystalline 
rocks.  Scoriae,  basalt,  trap,  porphyry,  syenite,  granite,  have 
no  velations  to  one  epoch  rather  than  another,  beyond  what 
may  tlepend  on  the  circumstance  just  mentioned.  Whenever, 
therefore,  in  the  history  of  the  world,  the  variations  in  heat, 
pressure,  and  rate  of  cooling,  now  possible,  may  have  taken 
place,  similar  rocks  to  those  of  the  present  day  may  have 
been  in  progress : — and  as  far  as  the  variations  of  former 
times,  in  these  respects,  may  now  take  place,  former  rocks 
and  minerals  may  still  be  in  progress.  In  this  statement  it 
is  implied  that  the  necessary  elements  are  present  in  the 
fused  material. 

III.  Origin  of  Continents. — The  moon  gives  us  hints  on 
another  topic  of  great  interest,  relating  to  the  distribution  of 
land  find  water  on  our  globe.  We  have  mentioned  that  there 
is  a  large  area  covering  nearly  one-third  of  the  hemisphere 
facing  the  earth,  which  is  mostly  free  froni  volcanoes,  while 
on  other  parts  the  craters  are  plosely  crowded  together.  Wei 
may  therefore  reasonably  infer,  that  over  this  naked  portion 
the  surface  first  beoame  solid,  and  has  therefore  cooled  the 
longest'and  to  the  greatest  depth.  Consequently,  the  con- 
traction from  cooling,  which  was  going  on,  would  take  place 
most  rapidly  over  the  thinner  and  more  yielding  volcanic 
portion  ;  and  unless  the  ejections  made  up  the  difference,  this 
part  would  become  somewhat  depressed.  A  melted  globe  of 
lead  or  iron  in  the  same  manner,  when  cooling  unequally, 
becomes  depressed  by  contraction  on  the  side  which  cools 
last.  Now  on  our  own  globe,  the  continents  have,  to  a  very 
great  extent,  been  long  free  from  volcanic  action.  A  glance 
at  a  map  of  Asia  and  America  will  make  this  apparent.  It 
is  usual  to  attribute  this  almost  total  absence  of  volcanoes 
from  the  interior  of  the  continents  to  the  absence  of  the  sea ; 
but  it  is  fatal  to  this  popular  hypothesis,  that  the  same  free- 
dom from  volcanoes  existed  in  the  Silurian  period,  when 
tliese  very  continents  were  mostly  under  salt  water,  a  fact 
to  which  the  wide-spnead  Silurian  rocks  of  America  and  Rus- 
sia testify.     Over  the  oceans,  on  the  contrary,  all  the  islands 
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.except  the  coral  are  igneous ;  and  the  coral  may  rest,  as  we 
have  reason  to  believe,  on  an  igneous  base. 

It  is,  therefore,  a  just  conclusion,  that  the  areas  of  the  sur- 
face constituting  the  continents  were  fa*st  free  from  eruptive 
fires.  These  portions  cooled  first,  and  consequently  the  con- 
traction in  progress  affected  most  the  other  parts.  The 
great  depressions  occupied  by  the  oceans  thus  began  ;  and  for 
a  long  period  afterward,  continued  deepening  by  slow,  though 
it  may  have  been  unequal,  progress.  This  may  be  deemed  a 
mere  hypothesis ;  if  so,  it  is  not  as  groundless  as  the  com- 
mon assumption,  that  the  oceans  may  have  once  been  dry 
land, — a  view  often  the  basis  of  geological  reasoning. 

Let  us  look  farther  at  the  facts.  Before  the  depression  of 
the  oceanic  part  of  our  globe  had  made  much  progress,  the 
depth  would  be  too  shallow  to  contain  the  seas,  and  conse- 
quently the  whole  land  would  be  under  water.  Is  it  not  a 
fact  that,  in  the  early  Silurian  epoch,  nearly  every  part  of 
the  globe  was  beneath  the  ocean  \  So  we  are  taught  by  the 
extent  of  the  formation.  The  depth  of  water  over  the  conti- 
nental portions  would  be  very  various ;  but  those  parts  which 
now  abound  in  the  relics  of  marine  life,  were  probably  com- 
paratively shallow,  as  amount  of  pressure,  light,  and  dissolved 
air,  are  the  principal  circumstances  influencing  the  distribu- 
tion of  animals  in  depth,  and  acted  formerly,  we  may  believe, 
as  at  the  present  period.  Here,  then,  we  see  reason  for  what 
has  been  considered  a  most  improbable  supposition,  the  exist- 
ence of  an  immense  area  covered  in  mast  parts  by  shallow 
seas,  and  so  fitted  for  marine  life. 

If  we  follow  the  progress  of  the  land,  we  find  that  with 
each  great  epoch  there  has  been  a  retiring  of  the  sea.  In  the 
coal  deposits  we  have  an  abundant  land  vegetation.  Subse- 
quently, the  progress  on  the  whole  was  giving  increased  ex- 
tent and  height  to  the  land,  and  diminishing  the  area  of  the 
waters.  Instead,  therefore,  of  a  bodily  lifting  of  the  conti- 
nents to  produce  the  apparent  elevation,  it  may  actually  have 
been  a  retreating  of  the  waters  through  the  sinking  of  the 
ocean's  bottom.  The  process,  however,  has  not  been  a  con- 
tinuous one ;  for  during  each  epoch — the  Silurian  and  the 
more  recent — there  have  been  subsidences  as  well  as  seem- 
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ing  and  actual  elevations,  and  various  oscillations  of  the  con- 
tinental surface,  from  subaerial  to  submarine,  and  the  re- 
verse. When  contraction  had  once  taken  place  over  the  con- 
tinents, as  v^ell  as  under  the  ocean,  there  may  have  after- 
wards been  expansions  again  through  the  return  of  heat 
from  some  cause.  And  thus  various  irregularities  have  taken 
place,  such  as  the  rocks  indicate.  In  the  tertiary  period,  and 
since,  the  apparent  rise  of  the  land  has  been  still  to  some  ex- 
tent in  progress.  And  is  there  any  evidence  that  this  could 
have  arisen  from  a  sinking  of  the  ocean's  bed  ?  The  evidence 
is  undoubted.  For  Mr  Darwin  has  shewn  satisfactorily  (and 
farther  observations  to  the  same  end,  and  to  many  interest- 
ing conclusions,  will  be  presented  in  the  writer's  Geological 
Report  on  the  Pacific),  that  a  subsidence  of  some  thousands 
of  feet  has  taken  place  since  the  corals  commenced  their 
growth.    Every  coral  island  is  a  register  of  this  subsidence.* 

And  why  should  not  the  ocean's  bottom  subside,  as  well  as 
the  land^  What  has  given  tho  continental  portions  of  our 
globe  their  elevation,  as  compared  with  other  parts,  if  not 
the  unequal  contraction  of  the  whole  ?  Can  we  safely  affirm 
— in  words  of  high  authority — "  that  the  stability  of  the  sea 
and  the  mobility  of  the  land  are  demonstrated  truths  in  geo- 
logy,"! when  mobile  land  forms  also  the  bed  of  the  ocean, 
and  its  changes  must  affect  the  stability  of  the  superincum- 
bent waters  ; — I  ask,  can  we  safely  make  this  affirmation,  un- 
til we  know  something  more  certain  than  past  investigations 
have  revealed,  about  the  geological  history  of  the  two-thirds 
of  the  surface  of  our  planet  that  are  concealed  beneath  its 
oceans \  ^ 

In  our  conclusions  from  the  above  reasoning,  we  fall  in 
nearly  with  the  views  presented  by  a  distinguished  French 
geologist,  M.  C.  Prevost,  who  has  argued  with  much  force  in 
favour  of  subsidence  as  a  cause  of  the  apparent  elevation  of 
the  land ;  though  it  may  be  right  to  state,  that  these  conclu- 
sions were  arrived  at  previously  to  seeing  his  memoir.*    There 

*  See  Silliman's  Journal,  xlv.,  p.  131,  1843. 

t  Leonard  Horner,  Esq.,  Anniversary  Address  before  the  Geological  Society 
of  London,  January,  1846 ;  Quarterly  Jour,  of  the  Geol.  Soc,  No.  6,  p.  199. 

*  The  general  theory  of  changes  of  level  hy  contraction  and  expansion,  and 
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appear  to  be  many  objections  to  tbe  opinions  of  M.  Prevost, 
as  they  are  expressed  by  him,  inasmuch  as  no  allowance  is 
made  or  admitted  for  minor  disturbances  and  actual  eleva- 
tions by  subterranean  forces.  His  views,  however,  are  well 
worthy  the  attention  of  the  geological  inquirer. 

The  principles  explained  place  the  general  theory  of  change 
of  level  by  contraction  upon  something  better  than  a  hypo- 
thetical basis,  and  are  believed  to  explain  the  actual  causes 
by  which  the  changes  have  been  produced.  They  coiTespond, 
moreover,  with  the  view  that  ruptures,  elevations,  foldings, 
and  contortions  of  strata  have  been  produced  in  the  course 
of  contraction.  The  greater  subsidence  of  the  oceanic  parts 
would  necessarily  occasion  that  lateral  pressure  required  for 
the  rise  and  various  foldings  of  the  Alleganies  and  like  re- 
gions. 


A  brief  Review  of  the  Classification  of  the  Sedimentary  Bocks 
of  Cornwall,  By  Sir  Roderick  Impey  Murchison,  G.C. 
St  S.,  F.R.S.,  V.P.G.S.  &  R.  Geogr.  S.,  &c.,  &c.  (In  a 
Letter,  addressed  Sir  C.  Lemon,  Bt.,  M.P.)  Communi- 
cated for  the  Journal  by  the  Author. 

My  dear  Sir  Charles, — In  compliance  with  the  promise  I  made 
when  attending  your  last  anniversary  meeting  at  Penzance,  I  now 

the  rise  thus  of  continents,  was  first  presented  by  Mr  Babbage  and  De  la  Beche. 
M.  C.  Prevost  takes  the  different  ground,  that  all  seeming  elevations  are  the 
result  of  subsidence.  His  propositions  are  as  follows  (Bulletin  de  la  Soc.  Geol. 
de  Prance,  xi.,  1839  a  1840,  p.  186)  :— 

"  1.  Que  le  relief  de  la  surface  du  sol  est  le  resultat  de  grands  affaissements 
successifs,  qui,  par  contre-coup,  et  d'une  maniere  secondaire,  ont  pu  occasioner 
accidentellenient  des  elevations  absolues,  des  pressions  lat^rales,  des  ploiements, 
des  plissements,  des  ruptures,  des  tasseraents,  des  failes,  etc. ;  mais  que  rien 
n'autorise  a  croire  que  ces  divers  accidents  ont  6te  produits  par  une  cause  agis- 
sant  sous  le  sol,  c'est-a-dire  par  une  force  soulevante  ; 

"  2.  Que  les  dislocations  du  sol  sont  des  eflfets  complexes  de  retrait,  de  con- 
traction, de  plissement  et  de  chute  ;" 

"  3.  Que  les  raatieres  ign^es  (granites,  porphyres,  trachytes,  basaltes,  lavas), 
loin  d'avoir  souleve  et  rompu  le  sol  pour  s'echapper,  ont  seulement  profit^  des 
solutions  de  continulte  qui  leur  ont  etc  offertcs  par  le  retrait  et  les  ruptures, 
pour  sortlr,  tninter  et  s'^panchcr  au-dehors." 
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give  you  a  more  decided  opinion  than  I  was  then  enahled  to  do,  re- 
specting the  age  of  the  lowest  and  oldest  of  the  sedimentary  rocks  of 
Cornwall. 

Not  having  seen  the  fossils  collected  by  Mr  Peach  on  the  south 
coast  of  Cornwall,  I  then  found  it  difficult  to  come  to  any  other  con- 
clusion than  that  at  which  Pi'ofessor  Sedgwick  and  myself  had  long 
ago  arrived ;  viz.,  that,  with  the  exception  of  the  presence,  in  the 
north-eastern  extremity  of  the  country,  of  a  portion  of  the  culmifer- 
ous  (carboniferous)  trough  of  central  Devon,  the  remaining  and  un- 
derlying strata  of  Cornwall  were  of  the  age  of  the  Devonian  or  old 
Red  system.  The  few  Cornish  fossils  which  were  then  shewn  to  me 
in  your  museum,  were  unquestionably  similar  to  those  with  which  I 
was  formerly  familiar  in  Devonshire  and  North  Cornwall,  as  well  as 
with  those  of  the  Rhenish  provinces  and  the  Eifel,  which  Professor 
Sedgwick  and  myself  had  shewn  to  occupy  a  like  geological  position. 
They  were  in  fact,  forms  of  the  same  type  as  those  which,  at  the 
suggestion  of  Mr  Lonsdale,  and  with  the  assistance  of  Mr  James 
Sowerby  on  one  occasion,*  and  with  the  help  of  MM.  do  Verneuil 
and  d'Archiac  on  anothcr,t  we  had  published  as  characteristic  of  a 
group  of  intermediate  characters,  pertaining  to  strata  lying  beneath 
the  carboniferous  rocks  and  above  the  Silurian  system.  In  a  word, 
they  were  identical  with  some  of  the  numerous  fossils  of  Devon  and 
North  Cornwall,  published  in  the  work  of  Professor  Phillips  \\  who, 
in  pointing  out  in  certain  tracts  the  connection  of  this  group  with  the 
carboniferous  fossils,  which  he  had  so  well  described,  and  in  others 
with  the  Silurian  forms  I  had  published,  had  also  concluded  that  the 
great  mass  of  fossiliferous  strata  which  rise  up  from  beneath  the  culm 
measures  of  central  Devon  were  of  the  same  intermediate  characters. 
In  his  valuable  maps  of  Cornwall  and  Devon,  Sir  H.  de  la  Beche 
gave  essentially  the  same  views  of  geological  succession ;  and,  lastly, 
in  his  report  upon  the  geological  structure  of  that  region,  he  described 
certain  detailed  sections  in  the  southern  districts  of  Cornwall,  to  which 
I  will  presently  advert. 

In  proposing  the  word  "  Devonian,"  as  applied  to  the  intermediate 
strata  in  question,  Professor  Sedgwick  and  myself  thus  qualified  our 
meaning  in  regard  to  the  extension  of  such  rocks  into  Cornwall : — 
'•  In  asserting  that  the  stratified  rocks  of  Devonshire  and  Cornwall 
are,  upon  a  broad  scale,  the  equivalents  of  the  carboniferous  and  old 
red  systems,  we  do  not  however  deny,  that,  in  certain  tracts,  the 
lowest  members  of  some  of  these  rocks  may  represent  the  upper  di- 
vision of  the  Silurian  system  ;  for  although  we  have  as  yet  found  few 
if  any  of  the  fossils  most  typical  of  that  system,  we  admit  that  when 
the  sediments  of  a  given  epoch  have  been  accumulated  under  peculiar 


*  Trans.  Geol.  Soc,  N.S.,  vol.  v.,  p.  633. 

t  Idem,  vol.  vi.,  pp.  221,  303. 
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conditions,  wo  must  expect  to  find  considerable  variations  in  the  forms 
of  animal  life.  Again,  we  know  that  the  rocks  of  this  region  have 
undergone  great  changes  in  assuming  tlieir  hard  and  slaty  charac- 
ter; and  under  such  circumstances,  the  difficulty  of  precisely  li- 
miting the  boundary  line  of  any  portion  of  them  is  prodigiously  in- 
creased."* 

The  truth  is,  that  neither  Sir  H.  De  la  Becho  and  Professor 
Phillips,  nor  Professor  Sedgwick  and  myself,  had,  at  the  time  when 
our  works  were  published,  seen  any  fossils  from  South  Cornwall  suf- 
ficiently distinct  to  warrant  the  conclusion,  that  it  contained  forms 
of  an  older  type  than  those  which  had  been  detected  in  North  and 
South  Devon,  and  in  the  west  of  Cornwall.  It  was,  therefore,  be- 
lieved (and  all  geological  maps  were  coloured  accordingly)  that  the 
zone  of  rocks  occupying  the  southern  headlands  of  Cornwall,  between 
the  Bay  of  Plymouth  on  the  east,  and  the  Lizard  Head  on  the  west, 
were  simply  downward  expansions  of  the  fossiliferous  "  Devonian" 
strata.  In  this  state  of  the  question,  your  associate  Mr  Peach  be- 
oran  his  labours  in  collectinor  fossils  alonor  the  southern  headlands  of 
Cornwall.  He  first  ascertained  that  certain. forms  first  discovered  by 
Messrs  Couch  in  the  environs  of  Polperro  were  fishes,  which  he  ex- 
hibited at  the  Cork  Meeting  of  the  British  Association,  and  concern- 
ing  which  Professor  Phillips  and  myself  could  only  venture  (so  ob- 
scure did  they  appear  to  us)  to  give  the  guarded,  though  suggestive 
opinion,  which  Mr  Peach  has  recorded  in  your  thirtieth  Report.  I 
then  ventured  to  surmise,  that'these  ichthyolites  might  belong  to  the 
Upper  Silurian  rocks,  the  oldest  in  which  the  remains  of  any  verte- 
brated  animals  had  yet  been  discovered,  because  "they  occurred  in 
rocks  forming  the  axis  of  South  Devon  and  Cornwall,  which  I  had 
always  considered  to  be  the  oldest  in  that  country.'^ 

lu  pursuing  his  researches,  Mr  Peach  published,  in  1844,  a  sy- 
nopsis of  the  Cornish  fossils  from  various  localities,  in  which,  besides 
the  ichthyolites  of  Polperro,  he  identified  several  mollusca  from  Gor- 
ran  Haven,  Caerhayes,  and  Carn  Gorran  Bay,  with  typical  Silurian 
species.  Tlieso  were  the  fossils  I  was  so  anxious  to  see  at  Penzance  ; 
and  Mr  Peach  having  obligingly  forwarded  them  to  me  in  London, 
I  no  sooner  unpacked  the  box,  than  I  found  that  true  Silurian  and 
oven  Lower  Silurian  rocks  existed  in  Cornwall, — the  proofs  being 
the  presence  of  certain  simple-plaited  Orthid/e,  which  are  invariably 
typical  of  that  age.  But  although  Mr  Peach  had  come  to  a  correct 
general  conclusion,  the  specific  names  he  attached  to  the  South  Cor- 
nish fossils  in  your  thirtieth  Report  are  not  correct.  In  respect  to 
the  ichthyolites  from  the  slates  of  Polperro,  Pcntuan,  &e.,  they  have 
been  referred  to  our  mutual  friend  Sir  Philip  Egerton,  who  his  bet- 
ter versed  in  the  classification  of  Agassiz  than  any  of  our  countrymen, 
and  he  thus  writes  to  mo  concerninor  them  : — "  These  remains  are 

o 

*  Phil.  Mag  ,  1839,  vol.  xiv.,  p.  241. 
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very  enigmatical,  and  I  cannot  identify  a  single  specimen  with  any 
form  I  know.  I  do  not  think  any  one  of  the  fragments  belongs 
either  to  Cephalaspis  or  Holoptychius.  The  nearest  approach  is  to 
JBothriolepis.  The  dorsal  fin,  named  by  Mr  Peach,  Onchus  Mur- 
chisoni  (Agass.)  is  not  so,  as  far  as  I  can  determine  from  the  de- 
scription of  Agassiz,  unless  it  be  a  more  perfect  specimen  than  he 
has  seen.  The  longitudinal  ribs,  instead  of  being  uniform  (as  figured 
by  Agassiz),  are  notched,  more  after  the  manner  of  Ctenacayithus. 
The  other  Onchus  may  be  0.  tenuiserratus,  but  I  have  not  hero  the 
means  of  comparison.  From  the  general  appearance  of  the  collection, 
I  should  say  they  differ  from  any  old  Red  or  Devonian  fishes  I  have 
ever  seen." 

If  these  ichthyolites  do  not  decisively  help  us  to  settle  the  age  of 
the  Polperro  zone  of  rocks,  they  are  still  of  great  interest,  as  being 
the  only  group  of  fishes  worth  noticing  which  has  been  found  in  the 
older  rocks  of  Devonshire  and  Cornwall,*  and,  also,  as  being  associ- 
ated with  shells  which  Mr  J.  Sowerby  indentifies  with  the  Bellerop- 
hon  trilobatus  (Sil.  Syst.)  and  the  Loxomena  lincta  (Phillips).  The 
first-mentioned  of  these  shells  is  characteristic  of  the  tile-stones  in 
Herefordshire  and  Shropshire,  and  is  also  found  in  strata  of  the  same 
age  in  Cumberland  (between  Kirby  Lonsdale  and  Kendal),  which 
form  the  uppermost  band  of  the  Silurian  rocks,  or,  a  transition  from 
Silurian  into  the  Devonian  system.  Now,  as  Professor  Sedgwick 
and  myself  had  inferred  that  the  limestones  of  Looe  and  Fowey  be- 
longed to  the  lower  calcareous  zone  of  Devonshire,  and  as  the  sec- 
tions of  Sir  H.  De  la  Beche  shew  that  the  Polperro  beds  dip  beneath  the 
Looe  and  Fowey  rocks,  the  zoological  evidences  seem  to  harmonize 
with  recorded  physical  facts,  and  we  thus  obtain  reasonable  grounds 
for  believing,  that  the  lowest  Devonian,  if  not  the  uppermost  Silu- 
rian, strata,  are  exposed  in  the  district  which  ranges  along  the  shores 
of  that  part  of  Cornwall,  by  Polperro,  Pentaun,  &c. 

But,  if  doubts  should  exist  as  to  whether  the  Polperro  slates  ought 
to  be  referred  to  the  bottom  of  the  Devonian  or  top  of  the  Silurian 
system,  the  discoveries  of  Mr  Peach  in  the  headland  of  the  Dodman, 
and  in  the  prolongation  of  its  strata  to  Veryan  Bay,  completely  de- 
monstrate, that  still  older  and  unquestionable  Silurian  rocks  are  there 
present.  This  is  the  district  in  which  both  Professor  Sedgwick  and 
Sir  H.  De  la  Beche  had  noted  the  existence  of  a  line  of  elevation, f 
running  from  NE.  to  SW.,  which,  bringing  up  certain  quartzose  or 
argillaceous  slates,  had  thrown  the  beds  oiF,  both  to  the  NE.  and 
SW.,  the  published  section  of  the  latter  having  clearly  indicated 
these  relations. 


*  Professor  Phillips  mentions  two  very  imperfect  and  doubtful  scales  of 
fishes,  the  one  in  South  Devon,  the  other  in  North  Devon.  Palae.  Fossils,  p.  133, 
figs.  25G,  257. 

t  See  Trans.  Geol.  Soc,  N.S.,  vol.  v.,  p.  663;  and  Report  on  Cornwall  and 
Devon,  p.  84. 
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The  fosssls  found  by  Mr  Peach  at  Gerrans  Bay,  as  determined  by 
Mr  J.  Sowerby,  are  Orthis  lata^  0.  orbicularis^  another  species  re- 
sembling O.pHcata^  and  a  fourth,  which  does  not  appear  to  have  been 
pubhshed.  At  Caerhayos,  Mr  Peach  has  collected  other  forms  of 
OrthidcB,  one  of  which  approaches  nearest  to  the  0.  alternata  of  the 
Silurian  system.  The  remainder  are  not,  however,  referrible,  as  ho 
had  supposed,  to  Leptcona  lata,  Terebratula  nucula,  Atri/pa  stria- 
tula,  &c.  The  fossils  from  the  Great  Peraver  quarries  in  Gorran 
Haven,  on  the  eastern  face  of  the  Dodman,  are  still  more  decisive; 
for  the  species  which  Mr  Peach  has  named  Orthis  flabellulum  and 
0.  testudinaria  both  belong,  unquestionably,  to  the  Orthis  (callac- 
tisB)*  calUgramma  (Sil.  Syst.),  and  with  it  is  a  form  undistinguish- 
ablo  from  the  Orthis  (canalis)  elegantula  (Sil,  Syst.).  The  only 
well  preserved  trilobite  in  this  rock  appears  to  me  to  be  the  Cali/- 
mene  pidchella  (Dalman)  ;  a  second  species  resembles  C  Blumeti- 
bachii. 

No  one  accustomed  to  the  Palasozoic  rocks  can  throw  his  eye  over 
the  fossils  from  these  three  localities,  without  at  once  recognizing 
them  as  true  Silurian  type?.  They  have  an  entirely  distinct  fades 
from  the  fussils  of  the  overlying  Devonian  system ;  none  of  the  spe- 
cies so  abundant  in  North-western  Cornwall  are  here  present.  With 
my  imperfect  knowledge  of  the  country,  it  would  be  premature  to 
say,  that  subdivisions  can  be  established  in  this  highly  dislocated  re- 
gion, so  as  to  define  Upper  and  Lower  Silurian  bands.  But  it  may 
yafely  be  asserted,  that  the  fossils  of  Gorran  Haven  are  Lower  Silu- 
rian types  ;  there  being  no  one  species  more  characteristic  of  the  in- 
ferior portion  of  that  system  than  the  Oi'this  caligramma,  which,  m 
Shropshire  and  the  adjacent  Welsh  counties,  is  found  to  range  down- 
wards, from  the  very  uppermost  beds  of  the  Caradoc  sandstone  into 
the  heart  of  the  Snow^don  slates,  and  is  equally  typical  of  the  Lower 
Silurian  rocks  of  Russia  and  Scandinavia.  At  the  same  time,  I  do 
not  think  that  the  Gorran  Haven  beds  lie  deep  in  the  Lower  Silurian 
group  :  they  probably  represent  the  upper  portion  only  of  the  Cara- 
doc sandstone ;  for  the  Orthis  canalis,  or  elegantula,  and  the  Calif- 
menc  pulchella\  (Dalm.),  closely  allied  to  C.  Blumenbachii  are  Wen- 
lock,  as  well  as  Caradoc,  fossils.  Judging  from  the  fossils  only,  I 
should  say  that  the  beds  at  Gerrans  Bay  with  the  Orthis  orbiaalaris 


*  This  shell  was  called  Orthis  callactis  Ji  in  the  Sil.  Syst.,  Plate  19,  fig.  5, 
but  subsequent  comparisons  have  shewn  that  it  is  identical  with  the  0.  calU- 
gramma (Dalman)  of  Scandinavia,  Russia,  &c. 

In  like  manner,  the  Orthis  canalis  of  the  Silurian  System  has  proved  to  be 
the  0.  elegantula  of  Dalman ;  and  the  names  of  that  author  being  the  oldest, 
are  now  necessarily  adopted. 

t  The  Calymene  pulchella  (Dalm.)  occurs  both  in  the  inferior  part  of  the  Up- 
per Silurian,  and  the  higher  part  of  the  Lower  Silurian,  in  Sweden,  Siluria, 
and  Wales. 
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arc  younger  than  those  of  Poravor  and  Gorran  Haven.  Time  and 
careful  researches  must,  however,  determine  this  question  of  detail, 
and  all  I  can  now  express  is  my  opinion,  that  the  quartzose  rocks 
and  killas  which  extend  from  the  tracts  above  alluded  to,  to  the 
mouth  and  centre  of  the  bay  and  harbour  of  Falmouth  (probably 
much  farther  to  the  SW.),  are  of  Silurian  age  also. 

The  energy  of  Mr  Peach  having  thus  afforded  us  the  key  by  which 
new  lights  are  thrown  on  the  succession  of  Cornish  strata,  I  cannot 
but  hope,  that  when  the  Government  geological  surveyors  revisit 
Cornwall,  they  will  define  the  exact  demarcations  between  these  Si- 
lurian masses  and  their  overlying  Devonian  neighbours.  In  fact,  I 
have,  within  these  few  days,  been  talking  over  this  subject  with  my 
friend  the  Director-General  of  the  survey,  and  he  has  pointed  out  to 
me,  on  his  detailed  map,  how,  from  the  enormous  flexures  which  the 
strata  have  undergone  in  their  range  from  Devon  into  Cornwall, 
it  is  highly  probable  that  Silurian  rocks  (the  equivalents  of  those 
alluded  to)  may  be  recognised  in  other  parts  of  Cornwall.  Thus,  the 
quartzose  rocks  of  Pydar  Down  or  Moor,  to  the  north  of  St  Columb, 
which  form  an  E.  and  W.  axis,  dipping  to  the  N.  and  S.  under  fos- 
siliferous  Devonian  strata,  may  (he  thinks)  prove  to  be  also  of  Silu- 
rian age.  But,  forbearing  to  speculate  on  the  probable  results  of 
future  researches,  it  is  my  decided  belief,  that  the  slaty  rocks,  con- 
stituting the  great  southern  headland  of  Devonshire ;  at  least  all  the 
schists,  &c.,  to  the  north  of  the  Start  Point,  will  eventually  be  classed 

■  with  the  Silurian  group  of  South  Cornwall :  for  if  the  Plymouth 
■group  of  limestones,  so  prolific  in  animal  remains,  afforded  us  the 

means  of  deciphering  the  age  of  less  clearly  developed  zones  on  the 

■  same  horizon  in  Cornwall,  the  Silurian  types  collected  by  Mr  Peach 
may  enable  us  to  carry  out  a  more  correct  classification  in  still  older 
strata,  from  Cornwall  into  the  obscure  southernmost  promontory  of 
Devonshire.  In  the  mean  time,  confining  ourselves  to  what  we  now 
know,  it  is  manifest  that  Cornwall  exhibits  in  ascending  order, — \st^ 
a  band  of  true  Silurian  rocks ;  2(i,  a  zone  of  intermediate  character, 
forming  a  transition  between  the  Silurian  and  Devonian  systems ; 
3o?,  a  copious  Devonian  system,  characterized  by  lower  and  upper 
limestones;  and,  4fA,  a  limb  of  the  culmiferous  or  carboniferous 
basin. 

This  view  will,  I  trust,  be  perfectly  intelligible  to  the  members  of 
your  Society  who  have  occupied  themselves  with  the  consideration  of 
this  branch  of  geology,  and  on  which  Mr  R.  Q.  Couch  has  recently 
written  with  perspicuity  and  talent.  I  doubt,  however,  if  anything 
I  have  stated  will  make  an  impression  upon  one  of  that  number,  my 
good-humoured  antagonist  the  Rev.  D.  Williams,  whose  views  of  the 
Cornish  succession  of  strata  seem  to  be  opposed  to  those  of  all  his 
contemporaries.  Geologists,  however,  who  have  long  lived  in  Corn- 
wall, and  have  so  well  illustrated  its  mineral  styucture,  will,  I  am 
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persuaded,  be  the  first  to  admit  the  value  of  the  Palaeozoic  classifi- 
cation, which,  having  boon  worked  out  and  established  in  tracts  ex- 
empt from  much  dislocation  and  alteration,  has  been  so  applied  as  to 
enable  us  to  interpret  the  true  history  of  the  highly  convulsed  and 
metamorphosed  rocks  of  their  county.  It  is,  in  fact,  the  greatest 
triumph  which  could  have  been  anticipated  on  the  part  of  those  who 
have  steadily  proceeded  from  the  known  to  the  unknown. 

Looking  from  your  own  country  to  the  opposite  side  of  the  Chan- 
nel, you  are  doubtless  well  aware  that  there  is  the  strongest  analogy 
between  the  slates  and  granites  of  Cornwall  and  those  of  Brittany 
and  Normandy.  Many  persons  have  remarked  upon  the  strong  re- 
semblance between  the  Mounts  St  Michael  in  the  two  countries,  and 
no  one  can  have  traversed  these  two  regions  without  perceiving,  that 
just  as  they  evidently  belong  to  the  same  mineral  type,  so  are  their 
respective  inhabitants  descended  from  a  common  stock,  whose  names 
of  places  have  passed  down  to  their  French  and  English  descendants. 
The  existence  of  Caradoc  sandstones  and  other  Silurian  rocks  in  that 
part  of  Fi'ance,  having  been  already  indicated  (Devonian  and  carbon- 
iferous strata  being  also  abundantly  developed),  their  discovery  in 
Cornwall  is  a  happy  addition  to  that  union  of  geological  and  histo- 
rical records,  by  which  these  widely  separated  residences  of  the  Celtic 
race  are  illustrated. 

With  regard  to  the  highly  mineralized  or  metamorphosed  condi- 
tions of  great  portions  of  the  killas  and  sandstone  of  Cornwall,  I  cjin 
do  little  more  than  refer  you  to  the  few  observations  I  made  at  your 
anniversary  meeting,  and  of  which  a  brief  abstract  has  appeared  in 
your  newspapers.  There  are,  as  you  well  said  in  your  Anniversary 
Discourse,  many  analogies  between  the  metamorpliic  rocks  of  Corn- 
wall on  the  one  hand,  and  those  of  Scandinavia  and  the  Ural  Moun- 
tains on  the  other ;  whilst  the  parallel  is  now  drawn  closer  by  the 
recent  discovery  of  the  Cornish  Silurian  rocks.  Your  last  erupted 
granites,  elvans,  and  porphyries,  have  played  exactly  the  same  part, 
in  traversing  your  Pala)ozoic  sediments,  as  like  rocks  have  done  in 
Norway.  Cornwall  may  also  be  compared  to  large  portions  of  Sibe- 
ria, and  notably  to  the  Ural  Mountains,  whose  chief  eruptions  have 
taken  place  through  deposits  of  Silurian,  Devonian,  and  carboniferous 
age.  In  both  countries,  the  eruptive  rocks  are  granites,  porphyries, 
greenstones,  and  serpentines  :  even  in  their  superficial  accumulations, 
there  is  this  striking  resemblance,  that  the  Cornish  detritus  and  gra- 
vel (as  clearly  pointed  out  by  Mr  Carne)  is  purely  local; — the 
county  being  quite  as  exempt  from  all  far  transported  materials  as 
the  Ural  Mountains  and  Siberia.  With  this  absence  of  all  foreign 
transport  or  drift,  Cornwall  is  as  instructive  as  the  Ural  in  never  ex- 
hibiting those  "  roches  moutonnees,"  and  those  polished  and  striated 
surfaces,  which  have  been  so  erroneously  referred  to  the  action  of 
land  glaciers,  in  all  those  low  regions  of  the  earth  where  they  have 
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clearly  been  caused  by  the  action  of  powerful  aqueous  drift,  in  the 
manner  I  have  elsewhere  attempted  to  explain.* 

Your  stanniferous  gravel  bears,  indeed,  precisely  the  same  rela- 
tions to  your  granites  and  killas,  as  the  auriferous  deposits  of  the 
Ural  to  the  eruptive  and  schistose  rocks  of  that  chain.  Both  are 
mere  local,  shingle  accumulations,  derived  from  veinstones  which  have 
been  denuded  from  the  surface  of  adjacent  crystalline  rocks.  With 
these  analogies  there  is,  however,  a  marked  distinction  between  Si- 
beria and  Cornwall.  All  richly  auriferous  chains  (Humboldt  first 
remarked  the  fact)  have  a  meridian  direction,  as  in  the  Ural,  and 
various  N.  and  S.  parallel  ridges  in  Siberia  and  other  parts  of  the 
globe.  The  axis  of  Cornwall,  on  the  contrary,  is  transverse  to  that 
direction,  viz.,  from  ENE.  to  WSW. ;  and  though  containing  copper 
ore  in  common  with  the  Russian  mountains,  it  differs  from  them  in 
not  producing  gold  or  platinum ;  whilst  it  is  peculiarly  distinguished 
by  containing  tin,  which  is  unknown  in  the  Ural.  Let  us  hope  that 
the  day  is  fast  approaching,  when  the  cause  of  the  production  of  such 
striking  phenomena  as  these  will  receive  some  explanation  at  the 
hands  of  those  physical  philosophers,  who  are  advancing  a  line  of 
research  in  which  your  own  countryman,  Mr  R/.  W.  Fox,  has  already 
so  distinguished  himself.  But  if  gold  exist  not  (in  any  appreciable 
quantity  at  least)  in  your  otherwise  richly  endowed  mineral  county, 
there  are,  I  am  happy  to  say,  good  grounds  for  hope,  that  in  their 
most  distant  colony  Englishmen  may  find  it  abundantly.  In  an  ad- 
dress to  the  Royal  Geographical  Society,  delivered  in  May  1845, 
when  commenting  upon  the  valuable  labours  of  Count  Strzelecki  in 
deciphering  the  structure  of  the  great  N.  and  S.  chain  which  ranges 
along  the  eastern  shores  of  Australia,  I  specially  insisted  upon  its 
striking  resemblances  to  the  Ural  Mountains,  whether  in  direction, 
in  structure,  or  in  alluvia ;  remarking,  by  the  way,  that  as  yet  no 
gold  has  been  found  in  this  alluvium.  I  now  learn,  however,  that 
fine  specimens  of  gold  have  been  found  on  the  western  flank  of  the 
Australian  cordillera,  particularly  at  the  settlement  of  Bathurst, 
where  it  occurs  in  fragments  composed  of  the  same  matrix  (viz., 
quartz  rock)  as  in  the  Ural.  My  friend  and  associate  in  the  Impe- 
rial Academy  of  Petersburg,  Colonel  Helmersen,  has  recently  sug- 
gested, that  a  careful  search  for  gold  ore  in  the  Australian  detritus 
will,  it  is  highly  probable,  lead  to  its  detection  in  abundance;  since 
the  Russians  had  long  colonized  the  Ural  Mountains,  and  had  for 
many  years  worked  mines  of  magnetic  iron  and  copper  in  solid  rocks, 
before  the  neglected  shingle,  gravel,  and  sand,  on  the  slopes  of  their 
hills  and  in  their  valleys,  were  found  to  be  auriferous.  If,  then,  in 
the  course  of  your  statistical  inquiries,  you  may  know  of  any  good 
Cornish  miner  about  to  seek  his  fortune  in  Austraha,  be  pleased  to 


*  See  Russia  in  Europe  and  Ural  Mountains;  and  Journal  of  the  Geol.  Soc, 
No.  8. 
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tell  liini  to  apply  liis  knowledge  of  the  mode  of  extracting  tin  ore  from 
his  own  gravel  to  the  drift  and  debris  on  the  flanks  of  the  great  north 
and  south  chains  of  Australia,  or  any  smaller  parallel  ridges  of  that 
great  country  ;*  for  great  would  be  my  pleasure  to  learn,  that  through 
the  application  of  Cornish  skill,  such  a  region  should  be  converted 
into  a  Ijritish  *'E1  Dorado." 

llequesting  you  to  pardon  this  little  digression,  which,  after  all, 
may  be  turned  to  profit,  and  hoping  that  you  will  bo  as  proud  as  I 
am  of  the  connection  which  is  now  established  between  Cornwall  and 
Siluria,  believe  me  to  be,  my  dear  Sir  Charles,  yours  most  faith- 
fully, 

Rod.  I.  MuRCHisoN. 


Geographical  Distribution  of  Zoophytes.     By  JAMES  D.  Dana. 

Heat,  light,  pressure,  and  means  of  subsistence,  influence 
more  or  less  the  distribution  of  all  animals ;  and  to  these 
causes  should  be  added,  for  water  species,  the  nature  or  con- 
dition of  the  water,  wlietiier  fresh  or  marine,  pure  or  impure, 
still  or  agitated.  Next  to  the  character  of  the  water,  heat 
is  the  most  prominent  limiting  agent  for  marine  animals, 
especially  as  regards  latitudinal  extent ;  while  light  and  hy- 
draulic pressure  have  much  influence  in  determining  their 
limits  in  depth. 

Although  these  causes  fix  bounds  to  species  and  families, 
they  do  not  necessarily  confine  tribes  of  species  to  as  small 
limits.  This  is  sometimes  the  case,  and  it  is  nearly  true  of 
a  large  group  of  zoophytes ;  yet  other  tribes  and  orders  in- 
clude species  whose  united  range  comprises  all  the  zones, 
from  the  equator  to  the  polar  ices,  and  every  depth,  to  the 
lowest  which  man  has  explored,  affording  traces  of  life. 

Order  Jlydroidea, — The  Hydroidea  are  met  with  in  all  seas, 
and  at  great  depths,  as  well  as  at  the  surface.  The  tropics, 
and  the  cold  water  of  the  frigid  zone,  have  their  peculiar 
species,  and  a  few  are  found  in  fresh  waters.  The  rocks  and 
common  marine  plants  of  the  sea-coast,  the  dead  or  living 
shell,  or  the  floating  fucus  of  the  ocean,  are  often  covered 
with  these  feathery  corals ;  and  about  reefs  they  occasionally 

*  It  appears  that  gold  oro  has  been  also  found  in  the  metalliferous  ridges 
of  South-western  Australia  (Adelaide,  &c.). 
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implant  themselves  upon  the  dead  zoophyte,  forming  a  mossy 
covering,  taking  the  place  of  the  faded  coral  blossom. 

The  species  are  most  abundant,  however,  in  the  waters  o 
the  temperate  zone,  and  are  common  upon  some  portions  of 
our  own  coast. 

Order  Actinoidea. — The  Actinoidea  are  marine  zoophytes. 
All  oceans  have  their  species,  yet  in  the  torrid  zone  they 
more  especially  abound,  and  display  most  variedly  their  co- 
lours and  singular  forms. 

The  soft  Actinidae  and  the  Alcyonaria  have  the  widest 
range,  occurring  both  among  the  coral  reefs  of  the  equato- 
rial regions,  and  to  the  north  and  south  beyond  the  temperate 
zone.  The  Mediterranean  affords  species  of  Gorgonia,  Co- 
mllium,  and  Alcyonium,  besides  numerous  Actinoidea.  The 
coasts  of  Britain  have  also  their  Alcyonia  and  Actinia ;  and 
from  far  in  the  northern  seas  come  the  Umbellularia,  and 
some  other  species  of  the  Pennatula  family. 

Among  the  coral-making  Actiniaria,  the  Madrepore  and  As- 
traea  tribes  are  almost  exclusively  confined  to  the  coral-reef 
seas,  a  region  included  mostly  between  the  parallels  of  28° 
north  and  south  of  the  equator,  while  the  Caryophyllia  fa- 
mily are  spread  as  widely  as  the  species  of  Actinia.  Seve- 
ral species  of  Caryophyllida3  occur  in  the  Mediterranean,  and 
others  in  the  high  northern  seas,  and  they  are  met  with  at 
depths  of  several  hundred  feet.  They  are  also  common 
among  the  coral  reefs  of  the  tropics. 

The  Madreporacea  and  Astrseacea,  with  the  Gemmiporicla?, 
are  the  principal  constituents  of  coral  reefs.  The  tempera- 
ture limiting  their  geographical  range  is  QQ°  or  68°  F.,  this 
being  the  winter  temperature  of  the  ocean  on  the  outskirts 
of  the  reef-growing  seas.  The  waters  may  sometimes  sink 
to  64°,  but  this  appears  to  be  a  temperature  which  they  can 
endure,  and  not  that  in  which  they  germinate.  The  extremes 
which  they  will  survive  prove  only  their  powers  of  endur- 
ance, and  do  not  affect  the  above  statement ;  for  their  geo- 
graphical distribution  will  be  determined  by  the  temperature 
which  limits  their  powers  of  germination. 

The  temperature  of  the  ocean  in  the  warmest  parts  of  the 
Pacific  varies  from  80''  to  85°,  and  here  Astrseas,  Meandri- 
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nas,  Madrepores,  &c.,  are  developed  with  peculiar  luxuriance, 
along  with  thousands  of  other  strange  and  beautiful  forms 
of  tropical  life.  A  range  from  the  above  temperature  to  72° 
does  not  appear  to  be  too  great  for  the  most  fastidious  spe- 
cies. At  the  Sandwich  Islands,  which  are  near  the  northern 
limits  of  the  coral  seas,  Porites  and  Pocilloporse  prevail,  and 
there  are  very  few  species  of  the  genera  Astray,  Mussa,*  and 
Meandrina,  which  are  common  nearer  the  equator. 

The  range  of  these  reef-forming  corals  in  depth  is  singu- 
larly small.  Twenty,  or  perhaps  sixteen^  fathoms  will  include 
very  nearly  all  the  species  of  the  Madrepore  and  Astraea 
tribes. t  Temperature  has  little  or  no  influence  in  occasion- 
ing this  limit,  as  68°  F.  will  not  be  found  under  the  equator 
short  of  a  depth  of  100  fathoms.  Light  and  pressure — the 
latter  aifccting  the  amount  of  air  for  aeration,  are  probably 
the  principal  causes.  The  waves,  moreover,  cannot  aid  in 
renewing  the  expended  air  below,  as  they  do  at  the  surface. 

In  recapitulation,  we  state,  that  the  Astraeacea,  Madrepo- 
racea  and  the  Gemmiporidae  among  the  Caryophyllacea,  are, 
with  few  exceptions,  confined  to  the  coral-reef  seas,|  and  to 
within  20  fathoms  of  the  surface.  The  Caryophyllid9e§  ex- 
tend from  the  equator  to  the  frigid  zone,  and  some  species 
occur  at  a  depth  of  200  fathoms  or  more.  The  Alcyonaria 
have  an  equally  wide  range  with  the  Caryophyllidas,  and  pro- 
bably reach  still  farther  towards  the  poles.  The  Hydroidea 
range  from  the  equator  to  the  polar  regions,  but  are  most 
abundant  in  the  waters  of  the  temperate  zone. 

Besides  the  above  mentioned  limiting  causes,  there  are 
others  of  importance,  one  of  which  may  be  alluded  to  in  this 
place  ;  the  remaining,  belonging  more  properly  to  the  Geolo- 
gical Report  on  Coral  Reefs  and  Islands,  will  be  particularly 
considered  in  the  forthcoming  volume  by  the  author.     The 


*  Lobophyllia  of  Blainville,  Mussa  of  Oken. 

t  The  evidences  on  this  point  will  be  presented  in  the  Report  on  Coral 
Islands. 

+  The  exceptions  belong  mostly  to  the  genus  Euphyllia,  which  includes  the 
genus  Flabollum,  some  Turbinalioe,  and  the  Lobophyllia,  having  entire  loniella;. 

§  The  CanjophijllUo  of  Blainville,  with  the  Doidrophijllia',  OcuUna',  &c. 


44    Mr  Dana  on  the  Geographical  Distribution  of  Zoophf/tas. 

cause  referred  to  is  that  proceeding  froin  original  sites  or 
centres  of  distribution.  There  is  sufficient  evidence  that 
sucli  centres  of  distribution,  as  regards  zoophytes,  are  to  be 
recognised.  The  species  of  corals  in  the  West  Indies  are,  in 
many  respects,  peculiar,  and  not  one  can  with  certainty  be 
identified  with  any  of  the  East  Indies.  The  central  parts  of 
the  Pacific  Ocean  appear  to  be  almost  as  peculiar  in  the 
corals  they  afford.  But  few  from  the  Feejees  have  been 
found  to  be  identical  with  those  of  tlie  Indian  Ocean.  A 
more  complete  acquaintance  with  the  corals  of  these  different 
seas,  will  undoubtedly  multiply  the  number  of  identical  spe- 
cies ;  but  observations  thus  far  made,  seem  sufficient  to  esta- 
blish as  a  fact,  that  a  large  part  of  zoophytes  are  confined  to 
a  small  longitudinal  range.  This  will  be  seen  from  the  fol- 
lowing table,  exhibiting,  in  a  general  manner,  as  far  as 
known,  their  geographical  distribution.  Each  column  gives 
the  number  peculiar  to  the  region  specified  at  top  : — 


East  Indies, 

Indian  Ocoan, 

or  Red  Sea. 

i 

O 
o 
eg 

Pacific,  and  the  | 
East  Indies  or 
Indian  Ocean. 

1 

z 

I 

1 

1 

§ 

ft 

1 

EH 

Tribe  Astr^acea. 

Fam.  Astraaidae, 
Fungido), 

37 
14 

50 
29 

29 
6 

4 
6 

3 
0 

16 
10 

139 
65 

Tribe  Caryophillacea. 

Fam.  Gary ophy Hid  ae, 
Gemmiporidae,    . 

13 

4 

7 
5 

9 
1 

2 

2 

13 

0 

5 
2 

49 
14 

Tribe  Madreporacea. 

Fam.  Madrcporidae,     . 
Favositidse,* 
Poritidait      .     . 

30 

14 

5 

42 
15 
14 

4 
5 
6 

8 
3 
2 

1 
0 
0 

7 
4 
1 

92 
41 

28 

117 

ir)2 

60 

27 

17 

45 

428 

*  The  rocilloporfe,  Sideroporae,  ]"iIillcpora3,  Favositcs,  and  other  genera  of 
Madreporacea,  in  which  the  ceils  are  internally  divided  hy  horizontal  sejjta. 
f  Fart  of  the  Foritcs  of  authors,  the  species  having  shallow  cells  closed  at 
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From  this  table  it  appears,  that  only  t\venty-f?even  species 
out  of  306  are  known  to  be  common  to  the  East  Indies  and 
Pacific  Ocean.  With  regard  to  those  common  to  the  East 
and  West  Indies,  for  which  no  column  is  arranged,  there  are 
but  two, — the  Meandrina  labyrinthica  and  Astrea  galaxea, 
about  which  much  doubt  remains. 

We  have  no  authority  for  accrediting  to  the  West  Indies 
any  species  of  the  genera  Fungia,  Pavonia,  Herpetolithus, 
Merulina,  Monticularia,  Gemmipora,  Anthophyllum,*  Pocil- 
lopora,  Sideropora  or  Sericitopora,  all  of  which  are  common 
in  the  opposite  hemisphere.  The  Agaricice,  with  the  excep- 
tion of  two  osculant  species,  are  confined  to  the  sub-genus 
Mycedia,  exclusively  West  Indian,  which  contains  very  firm 
compact  corals,  often  with  an  Astreoe-like  character.  The 
Millepores  are  the  only  known  Favositidae,  and  but  half  a 
dozen  Madrepores  have  yet  been  distinguished.  The  Mani- 
cinae,  Caryophylliae,  and  Oculinae,  are  more  numerous  in  the 
West  Indies  than  elsewhere,  and  the  Ctenophyllise  (Mean- 
drinse,  with  stout  entire  lamellae),  have  been  found  only  in  the 
West  Indies.  The  genus  Porites  contains  several  species, 
but  they  are  uniformly  more  fragile  and  more  porous  than 
those  I  have  seen  from  the  Pacific  and  Indian  Oceans  ;  and 
the  Polyps,  as  figured  by  Lesueur,  are  more  exsertile,  ap- 
proaching in  this  particular,  the  Gonioporae. — {American  Jour- 
nal of  Science  and  Arts,  Second  Series,  Vol.  iii.,  No.  8,  p.  1 60.) 
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All  the  Polynesians  have  clearly  had  one  and  the  same  parentage. 
Though  their  general  resemblance  in  manners  and  customs,  in  reli- 
gion and  government,  in  appearance  and  dress,  might  bo  made  to  fill 


bottom  (Porites  clavaria,  and  the  allied).  The  other  Parites,  with  a  few  excep- 
tions, belong  to  the  genus  Manopora  of  the  author,  and  are  true  Madrepores  in 
their  cells,  but  with  imperfect  calicles  or  none  ;  the  P.  spumosa  of  Lamarck, 
and  the  allied,  are  here  included,  besides  the  Montipora  of  lUainville. 

*  Sarcinula  in  part  of  Blainville,  Caryophyllia  in  part  of  Lamarck,  Antho- 
phyllum of  Schweigger,  who  introduces  the  name,  but  not  of  writers  on  fossil 
corals. 
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volumes,  yet  they  would,  one  and  all  of  them,  bo  less  conclusive  on 
the  point,  than  the  fundamental  correspondence,  both  in  the  words 
and  in  the  structure  of  their  languages.  AVith  but  little  difficulty, 
and  in  some  of  the  instances  with  none  at  all,  Tahitians,  Marque- 
sans,  Samoans,  Tongans,  New  Zealanders,  and  llawaiians,  to  say 
nothing  of  the  less  known  groups,  can  render  themselves  intelligible 
to  each  other ;  and  of  this  similarity  of  dialects,  the  strongest  as 
well  as  the  most  gratifying  proof  is  to  be  found  in  the  fact,  that  na- 
tive converts  of  one  Archipelago  have  sometimes  gone  forth,  as  mis- 
sionaries, to  communicate  the  glad  tidings  of  salvation  to  another. 
Thus  a  chief  who  accompanied  Mr  Ellis  from  Tahiti  to  the  Sand- 
wich Islands,  often  addressed  the  natives  with  effect ;  and  Sir  Ed- 
ward Belcher  found  a  little  colony  of  Samoan  teachers  labouring,  or 
rather  wishing  to  labour,  among  the  savages  of  the  New  Hebrides. 
To  offer  more  specific  evidence  of  the  fundamental  correspondence  in 
question,  the  subjoined  table  is  quite  decisive,  at  least  with  respect 
to  the  words ;  for  the  identical  meanings  of  six  nearly  identical 
sounds,  in  three  different  dialects,  cannot  possibly  be  accidental. 


Tahitian. 

Haxvaiian. 

Marquesan. 

English, 

Ovai. 

Owai. 

Ovai. 

Who. 

Evau. 

Ewalu, 

Evau. 

Eight. 

Eiva. 

Euva. 

Eiva. 

Nine. 

Vahine. 

Wahine. 

Vahine. 

Woman. 

Maitai, 

Maitai. 

Maitai. 

Good. 

Tatou. 

Tatou. 

Tatou. 

Tatoo. 

Perhaps  a  careful  examination  of  different  dialects  might  suggest 
some  hints  as  to  their  comparative  antiquity.  As  the  general  ten- 
dency of  language  to  become  softer  by  change  would  derive  special 
force  from  the  feeble  and  almost  childish  organs  of  the  race  under 
consideration,  any  dialect  might  reasonably  be  deemed  more  recent, 
in  proportion  as  its  alphabet  and  pronunciation  might  be  more  meagre 
and  effeminate.  Now  the  common  language  of  the  Polynesian  Isles 
appears  to  have  travelled  from  the  west  towards  the  east.  Thus  the 
llawaiians,  and  apparently  the  Tahitians  also,  abhor  a  concourse  of 
consonants,  while  the  New  Hebrides  have  their  ICrromanga,  the 
Feejees  their  Banga,  and  the  Friendly  Islands  their  Tonga,  or,  to 
use  the  better  known  name,  their  Tongataboo.  If  an  Hawaiian  were 
desired  to  pronounce  any  one  of  these  three  words,  he  would  either 
insert  a  vowel  between  the  two  consonants,  or  omit  the  harsher  con- 
sonant; and  he  would  most  probably  adopt  the  latter  course,  just  as 
he  would  transform  England  into  Enolani.  In  all  probability,  Tonga 
and  Tona  or  Kona^  the  name  of  a  district,  already  mentioned,  of 
Hawaii,  are  one  and  the  same  word ;  and,  to  give  an  instance  of 
which  there  can  be  no  doubt,  tangata,  the  Samoan  word  for  ma«, 
has  been  softened  into  the  Hawaiian  tanata  or  kanaka.  Again,  the 
very  name  of  Samoa,  the  chief  of  the  Navigator  Isles,  involves  the 
letter  .<?,  which  the  llawaiians,  as  also  I  believe  the  Tahitians,  alto- 
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gether  reject,  as  being  too  much  for  their  powers  of  utterance.  Thus 
they  change  fashions  into  patena  or  pakena  ;  missionary  into  miti' 
nary  or  mikinary  ;  and  consul  into  tonatele  or  konakele.  Finally, 
the  Marquesan  or  Tahitian  dialects,  though  they  partake,  in  an  emi- 
nent degree,  of  the  softness  of  the  Hawaiian,  have  yet  retained  at 
least  one  consonant,  namely/,  which  it  has  discarded.  The  Fatuivay 
one  of  the  Marquesan  Isles  and  Paofai,  a  chief  of  Tahiti,  would,  in 
the  mouth  of  an  Hawaiian,  respectively  become  Patuiwa  and  Pao- 
pai ;  while  there  can  be  no  mistake  as  to  the  original  orthography, 
inasmuch  as  the /is  distinguished  in  the  one  word  from  Vj  and  in 
the  other  from  p.  Might  not  a  similar  application  be  made  of  the 
table  which  preceded  this  paragraph,  with  respect  to  these  three  dia- 
lects ?  In  the  first  four  of  its  six  words,  the  v  of  the  Tahitians  and 
Marquosans  becomes  the  w  of  the  Hawaiians  ; — the  former  being,  of 
course,  a  consonant ;  but  the  latter,  however  it  may  be  classed  by 
grammarians,  being  really  oo,  sounded  as  quickly  as  possible.  If 
there  be  any  truth  in  these  desultory  and  incomplete  suggestions, 
then  must  this  Archipelago  have  been  peopled  after  the  Marquesas 
and  the  Society  Islands,  and  they  again  after  the  more  westerly 
group. 

This  result,  which,  so  far  as  the  Sandwich  Islands  is  concerned, 
agrees  with  the  traditionary  lore  of  the  Archipelago,  is  consistent 
with  nearly  all  the  arguments  which  can  be  brought  to  bear  on  the 
subject.  Looking  on  the  map  at  the  tolerably  continuous  chain  of 
islands  and  groups  of  islands,  from  Sumatra  to  the  Marquesas,  and 
at  the  comparatively  open  ocean  between  this  its  last  link  and  the 
American  continent,  a  plain  man  would  instinctively  infer,  at  least 
in  the  absence  of  evidence  to  the  contrary,  that  Polynesia,  as  cer- 
tainly as  Australasia  itself,  must  have  been  .peopled,  not  from  the 
new  world,  but  from  the  old ;  and  he  would  find  his  inference  mate- 
rially confirmed  by  the  fact,  that,  on  any  and  every  hypothesis,  the 
isles  of  the  Pacific  could  have  been  colonized  from  the  westward 
long  before  the  eastern  shores  of  that  ocean  contained  a  single  family 
of  human  beings ;  while,  on  further  investigation,  he  would  confess- 
edly discover  vastly  more  numerous  traces  of  Asia  than  of  America, 
in  the  ethnographic  characteristics  of  the  Polynesian  Isles. 

The  single,  absolutely  the  only,  answer  to  all  this,  is  the  physical 
fact,  that  the  trade-wind  blows  from  the  oast  along  the  whole  breadth 
of  the  route  which  has  been  chalked  out  for  the  primeval  colonists 
of  the  islets  of  this  greatest  of  all  seas.  Now,  m  the  face  of  so  much 
direct  proof  of  an  Asiatic  origin,  the  evidence  in  question  of  an  Ame- 
rican origin  amounts  to  nothing,  unless  the  difficulty  of  advancing 
from  west  to  east  in  spite  of  the  trade-wind  actually  amounts  to  an 
impossibility. 

But,  so  far  from  amounting  to  an  impossibility,  the  difficulty  it- 
self, strictly  so  called,  can  hardly  be  said  to  have  existed.  As  the 
trades,  even  at  their  steadiest,  take  to  themselves  a  few  points  of 
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elbow  room,  having  ranged,  for  instance,  in  our  own  case,  as  already 
mentioned,  between  NE.  and  ESE.,  the  Polynesian  groups,  occu- 
pying about  fifty  degrees  of  latitude,  might  all  be  intersected,  with- 
out any  formidable  interventions  of  a  foul  wind,  by  one  and  the  same 
track,  starting  from  the  westward ;  and,  even  independently  of  this 
constant  oscillation  of  the  ordinary  current,  of  the  air,  the  same  re- 
sult could  be  still  more  easily  and  more  directly  attained  with  the 
aid  of  the  opposite  monsoons,  which  blow,  with  greater  or  less  regu- 
larity, during  two  or  three  successive  months  of  the  year.  Moreover, 
on  such  a  point,  one  fact  is  more  conclusive  than  a  score  of  argu- 
ments ;  and,  unfortunately  for  the  partisans  of  the  east  wind,  all  the 
facts  are  stubborn  supporters  of  the  other  side  of  the  question.  The 
inhabitants  of  each  group,  in  whatever  direction  their  ancestors 
reached  it,  think  nothing  of  sailing  from  its  westerly  to  its  easterly 
islands ;  and  Captain  Beechy  fell  in  with  several  men  and  women, 
who  had  drifted  six  hundred  miles  with  a  large  canoe  in  the  very 
teeth  of  the  general  direction  of  the  prevailing  trades.  But,  even  if 
the  alleged  difficulty  amounted  to  an  actual  impossibility,  the  claims 
of  Asia  to  be  the  cradle  of  the  Polynesians,  though  they  might  bo 
weakened,  would  yet  not  be  disproved.  The  westerly  gales,  which 
generally  blow  on  either  side  of  the  region  of  the  trades,  might  carry 
vessels  far  enough  to  the  eastward,  to  make  the  tropical  breeze  a  fair 
wind  to  the  westward,  more  particularly  if  they  had  started  from  the 
more  northerly  coasts  of  Asia ;  and,  in  fact,  one  Japanese  junk,  in 
December  1832,  was  driven  to  Woahoo,  with  four  men  alive  out  of 
her  crew  of  nine ;  while,  aoain,  in  1839,  another  was  found  driftinor 
about  half  way  on  the  same  involuntary  voyage,  with  several  indi- 
viduals on  board,  the  same  whom  we  afterwards  saw  at  Ochotsk, 
which  they  had  reacljed  immediately  from  Kamschatka,  on  their 
homeward  route  from  the  Sandwich  Islands. 

Farther,  if  the  trade-winds  had  really  rendered  a  voyage  from 
west  to  east  impracticable,  Polynesia  would,  in  all  probability,  never 
have  been  peopled.  There  is  not  the  least  evidence  for  believing, — 
there  is  not  the  slightest  reason  for  supposing, — that  the  Aborigines 
of  America  ever  possessed  a  canoe  or  any  other  vessel  stout  enough 
to  survive  the  dangers  of  the  intervening  ocean,  during  a  voyage 
which  could  not,  under  the  most  favourable  circumstances,  occupy 
less  than  three  or  four  weeks.  All  the  obstacles  of  the  trade-wind 
notwithstanding,  I  should  more  readily  conclude,  that  the  Marquesas 
colonized  Southern  America,  than  that  Southern  America  colonized 
the  Marquesas, — so  far,  at  least,  as  the  mere  question  of  navigation 
might  be  concerned. 

From  what  country,  then,  of  Asia,  did  the  Polynesians  spring  \ 
Almost,  to  a  moral  certainty,  from  some  point,  or  rather  points,  be- 
tween the  southern  extremity  of  Malacca,  and  the  northern  limits  of 
Japan, — an  answer  which  appears  to  be  corroborated  by  that  most 
conclusive  of  all  features  of  resemblance,  the  similarity  of  language. 
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Premising  that,  in  such  a  case,  nothing  like  identity  is  necessarily 
to  bo  expected, — for,  according  to  general  experience,  the  human 
race  was  diffused  over  the  globe  rather  by  the  migration  of  whole 
tribes,  than  by  the  emigration  of  parts  of  them, — there  seems  to  be 
no  ground  for  doubting,  that  the  dialects  of  Polynesia  are  connected 
with  the  languages  of  the  adjacent  coasts  of  Asia.  To  say  nothing 
of  the  admitted  fact,  that  the  Chinese  residents  of  the  Sandwich 
Islands  pick  up  the  Hawaiian  with  great  facility  in  a  short  time,  the 
Malayan  tongue  is  universally  allowed  to  be  a  striking  analogy  to  the 
language  of  the  groups  of  the  Pacific.  To  the  eye  indeed,  and  per- 
haps also  to  the  ear,  there  is  said  to  be  a  staggering  difference  in 
the  predominance  of  vowels  on  the  part  of  the  latter,  and  of  conso- 
nants on  the  part  of  the  former.  This  difference,  however,  is  sus- 
ceptible of  a  satisfactory  explanation.  The  concourse  of  consonants 
in  the  Malayan  arises,  in  a  great  measure,  from  an  admixture  of  the 
Arabic,  which,  to  a  moral  certainty,  must  have  taken  place  long  after 
Polynesia  began  to  be  peopled;  and,  even  if  the  admixture  in  ques- 
tion had  been  anterior  to  the  colonization  of  any  of  the  islands,  the 
concourse  of  consonants  just  mentioned  would,  to  a  considerable  ex- 
tent, have  been  nominal,  inasmuch  as  the  short  vowels  of  the  Arabic 
are  rounded  without  being  written.  But,  further,  the  peculiarity 
under  consideration  of  the  language  of  Malacca,  supposing  it  to  have 
been  both  original  and  real,  would  tend  rather  to  support  than  to  im- 
pugn the  foregoing  views.  The  Hawaiian  has  been  shewn  to  em- 
body fewer  consonants  than  the  Marquesan  or  the  Tahitian,  and  the 
Tahitian  and  the  Marquesan  again  to  embody  fewer  than  the  Samoan, 
to  the  Fejeean,  or  the  Tongan,  or  the  dialect  of  the  New  Hebrides, 
the  taboo  of  the  eastern  groups,  to  add  another  instance  to  the  in- 
stances already  cited,  assuming  the  form  of  tamboo  to  the  westward. 
Now,  on  the  very  same  principle,  one  ought  not  to  be  surprised  to 
find  that  the  consonants  become  more  numerous  and  more  harsh  as 
one  approaches  to  the  native  seats  of  a  language  so  widely  diffused. 

To  conclude  this  head  with  one  remark  more, — if  any  ethnogra- 
phic similitudes  do  exist  between  America  and  Polynesia,  they  may 
be  safely  considered  as  common  results  of  one  and  the  same  cause. 
Though  the  new  world  must  have  received  inhabitants  from  the  old 
across  the  strait  which  separates  them,  just  as  certainly  as  if  the  two 
were  connected  by  an  isthmus,  yet  it  might,  in  all  probability,  have 
received  others,  and  those  too,  in  more  regular  and  continuous 
streams,  along  the  chain  of  stepping-stones,  which  extend  from  China 
to  the  north-west  coast,  comprehending  Japan,  the  Kurile  Islands, 
and  the  Aleutian  Archipelagoes  ;  and,  to  shew  that  this  supposition 
is  far  within  the  limits  both  of  possibility  and  of  probability,  a  Ja- 
panese junk,  such  as  has  been  used  since  the  first  settlement  of  this 
country,  lately  found  its  way  to  the  western  shores  of  the  new  con- 
tinent, with  a  living  crew  on  board,  and  without  the  aid  of  any  in- 
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termediate  place  of  refreshment  or  of  rest.  In  a  word,  America  and 
Polynesia  appear  to  have  been  chiefly,  if  no  solely,  colonized  from 
one  and  the  same  general  region  of  Eastern  K&vSi.-^Narrative  of  a 
Journey  round  the  World,  hy  Sir  George  Simpson,  vol.  ii.  p.  2. 

On  the  Age  of  the  Volcanoes  of  Auvergne  as  determined  by  the 
Remains  of  successive  Groups  of  Land  Quadrupeds.  By  C. 
Lyell,  Esq.,  F.R.S.,  &c.* 

The  region  of  extinct  volcanoes  of  Auvergne  derives  its  peculiar 
interest  from  the  circumstance  of  its  never  having  been  submerged 
beneath  the  sea  during  a  period  in  which  its  geological  and  geogra- 
phical structure,  and  the  animals  and  plants  by  which  it  has  been  in- 
habited, have  undergone  a  great  succession  of  changes.  In  the  rest 
of  Europe,  generally,  the  volcanic  rocks  have  either  been  originally 
of  submarine  origin,  or  the  surface,  since  they  were  produced,  has 
suffered  so  much  denudation  by  the  action  of  the  waves  of  the  ocean 
as  to  make  it  impossible  for  us  to  ascertain  the  form  and  manner  in 
which  the  eruptions  took  place,  or  the  relative  position  which  the 
igneous  formations  held  at  first  to  the  hills,  plains,  and  valleys  then 
existing.  After  describing  the  several  classes  of  rocks  in  Auvergne, 
— the  granite,  the  eocene  fresh  water,  and  the  older  and  modern  vol- 
canic, each  depicted  by  different  colours  in  an  extensive  landscape, 
enlarged  from  a  view  of  the  valley  of  Chambon  (Puy  de  Dome),  by 
Mr  P.  Scrope, — Mr  Lyell  said  he  should  dwell  chiefly  on  the  anti- 
quity to  be  ascribed  to  the  Puy  de  Tartaret,  a  type  of  one  of  the 
most  modern  cones  of  eruption  in  Central  France.  The  compara- 
tively recent  origin  of  this  conical  hill  of  scoriae,  with  its  crater  at 
the  summit,  is  proved  by  its  standing  at  the  bottom  of  a  deep  valley 
excavated  through  the  alternating  beds  of  pumice,  trachyte,  and  ba- 
salt, belonging  to  the  more  ancient  volcano  of  Mont  Dor,  and  partly 
through  the  subjacent  and  fundamental  granite.  It  is  farther  con- 
firmed by  the  course  of  a  powerful  current  of  lava  ;  which,  proceed- 
ing from  the  base  of  the  cone,  flows  thirteen  miles  down  the  channel 
of  the  river  Couze,  stopping  at  the  town  of  Nethers,  near  Issoire. 
The  lava  occupies  the  ancient  river  bed,  and  is  observed  to  contract 
in  its  dimensions  in  the  narrow  gorges,  where  it  also  gains  in  height, 
like  the  water  of  a  river  flowing  through  the  arch  of  a  bridge  ;  and 
to  expand  again  where  the  valley  opens,  where  it  speads  into  a  broad 
sheet  having  a  level  surface.  It  also  flows  up  the  channels  of  tribu- 
tary streams  till  it  attains  a  level  corresponding  with  the  top  of  the 
lava  at  the  point  of  junction  of  the  tributary  with  the  main  valley. 
But  although  these  appearances  prove  that  the  lava  has  flowed  as 
it  would  now  do  if  it  were  remelted  and  made  again  to  descend  the 
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same  channel,  it  ncrerthcless  bears,  in  some  parts  of  its  course 
the  marks  of  considerable  age. 

Before  considering  these,  Mr  Lyell  entered  into  a  short  digression 
to  refute  the  doctrine  of  the  mediaeval  origin  of  the  volcanoes  near 
Clermont,  advanced  by  a  writer  in  the  Quarterly/  Review  for  Octo- 
ber 1844  (p.  296),  where  it  is  pretended  that  Sidonius  ApoUinaris, 
Bishop  of  Clermont,  who  flourished  at  the  close  of  the  fifth  century, 
has  borno  explicit  testimony  to  *'  the  volcanic  eruption,  the  crum- 
bling of  the  cones,  and  the  heaping  up  of  the  showers  of  ashes  and 
scoria  cast  forth  amidst  their  fires."  The  passages  relied  on,  occur 
in  a  letter  from  Sidonius  to  his  contemporary,  Mamertus,  Bishop  o£ 
Vienne,  in  Dauphiny,  written  when  Auvergne  was  threatened  with 
a  fresh  eruption  of  the  Goths ;  to  avert  which  danger  the  Bishop 
proposes  to  adopt  certain  forms  of  prayer  (rogations  or  litanies), 
which  Mamertus  had  already  introduced  on  the  occasion  of  some 
'*  prodigies"  which  had  happened  in  Dauphiny  sixteen  years  before. 
In  alluding  to  these  phenomena,  Sidonius  says  that  "  the  walls  of 
the  city  of  Vienne  were  shaken  by  frequent  earthquakes,  many  fires 
broke  out,  and  mounds  of  ashes  were  heaped  up  over  the  fallen  cop- 
ings of  the  walls."  "  Nam  mode  scena)  moenium  publicorum  crebris 
terra;  motibus  concutiebantur,  nunc  ignes  ssepe  flammati  caducas  cul- 
minum  cristas,  superjecto  favillarum  monte  tumulabant."  Deer  also 
took  refuge  in  the  forum,  and  the  people  fled ;  all  but  the  Bishop, 
who  had  a  right  to  reckon  on  Divine  protection,  because,  as  Sidonius 
reminds  him,  on  a  former  occasion,  the  flames  at  his  approach  had 
miraculously  receded,  out  of  reverence  to  his  holy  person.  At  the 
time  of  the  earthquake  he  (Mamertus)  had  told  his  people  that  their 
repentant  tears  would  extinguish  the  fires  sooner  than  rivers  of 
water,  and  the  steadfastness  of  their  faith  would  cause  the  rocking 
of  the  ground  to  cease.  Sidonius  finishes  with  asking  the  Bishop  of 
Vienne  to  send  him  some  relics  to  make  all  secure.  The  style  of 
the  whole  epistle  is  so  faulty,  ambitious,  and  poetical,  as  to  make  it 
difficult  to  know  the  exact  value  of  the  expressions,  and  dangerous 
to  found  upon  them  any  philosophical  argument  about  natural  events. 
There  is  not  a  word  about  Auvergne,  but  simply  an  allusion  to  the 
shocks  which  appear  to  have  thrown  down  buildings  and  caused  (as 
usual  in  such  cases  where  roofs  fall  in)  great  conflagration  and  heaps 
of  cinders.  The  terror  of  the  wild  animals  when  the  earth  rocks, 
and  their  sensitiveness  to  the  slightest  movements,  are  well  known. 
Although  the  epistle  proves  Sidonius  to  have  had  a  fair  share  of  the 
ci'edulity  of  his  age,  both  in  respect  to  miracles  wrought  in  favour  of 
a  contemporary  saint  and  the  efficacy  of  relics,  it  would  be  unfair  to 
charge  him  with  a  belief  in  the  occurrence  of  a  volcanic  eruption  at 
or  near  the  site  of  the  city  of  Vienne,  which  the  investigation  of  the 
ablest  government  surveyors,  to  whom  the  construction  of  a  geologi- 
cal map  of  France  has  been  intrusted,  has  entirely  disproved.  There 
are,  in  lact,  no  monuments  of  volcanoes,  ancient  or  modern,  in  Dau- 
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phiny ;  and  if  there  had  been,  they  would  not  throw  light  on  the 
date  of  eruptions  in  Auvergno. 

But  to  return  to  the  lava-stream  of  the  Puy  de  Tartaret  before 
alluded  to — what  geological  antiquity  can  we  assign  to  it  \  In  one 
of  the  gorges,  the  entire  mass  of  solid  basalt  has  been  swept  away 
by  the  torrent,  so  that  the  former  continuity  of  the  stony  current  is 
interrupted  for  several  hundred  yards,  at  a  point  about  midway  be- 
tween its  efflux  from  the  cone  and  its  termination.  This  implies  a 
long  period  of  excavation.  In  another  place,  about  one  mile  and  a 
half  from  St  Nectaire,  an  old  Roman  bridge,  still  passable,  having 
two  arches,  each  fourteen  feet  wide,  spans  a  deep  ravine,  cut  by  the 
Couze  through  the  middle  of  the  lava,  which  is  here  of  columnar 
structure.  The  bridge  is  supposed  by  French  architects  and  anti- 
quaries, to  be  of  the  date  of  about  the  fifth  century  ;  yet  the  spring- 
ing of  the  arches  proves  that,  when  it  was  erected,  the  ravine  was 
the  same  width  as  now.  Nevertheless,  while  signs  of  denudation,  such 
as  these,  attest  the  vast  amount  of  removal  of  hard  rock  since  the 
lava  flowed  and  was  consolidated,  the  contemporary  cone  of  loose, 
incoherent  scoriae  has  stood  in  its  exposed  position  at  the  very  bottom 
of  a  valley,  entire  and  uninjured,  the  rain-water  being  instantly  ab- 
sorbed by  the  porous  mass  ;  and  no  rill  being  allowed  to  collect  on 
its  flanks.  It  is  clear  that  if  any  flood  of  water  had  passed  over 
Auvergne,  if  any  inundation  had  raised  the  Lake  of  Chambon  30  or 
40  feet,  it  must  have  carried  away  the  perishable  cone.  The  lake 
alluded  to  owes  its  origin  to  the  damming  up  of  the  Couze  by  the 
volcano,  and  by  landslips  which  accompanied  the  eruption. 

But  the  most  conclusive  evidence,  according  to  Mr  Lyell,  of  the 
remoteness  of  the  period  at  which  the  cone  and  lava  of  Tartaret  ori- 
ginated, has  yet  to  be  set  forth,  and  has  only  been  distinctly  brought 
to  light  since  he  revisited  Nechers  in  1843,  when  the  Abbe  Croizet 
pointed  out  to  him  a  locality  near  the  lower  extremity  of  the  great 
current,  where  fossil  bones  of  extinct  animals  had  been  discovered  in 
a  meadow,  between  the  base  of  the  lava  and  the  channel  of  the  Couze, 
now  10  feet  lower  in  level  than  the  lava.  In  company  with  Mr 
Bravard,  Mr  Lyell  explored  the  spot ;  and  they  convinced  themselves 
that  the  bone-deposit  passed  under  the  lava,  which  here  forms  a  mass 
30  feet  thick.  Subsequent  investigations  not  only  confirm  this  view, 
but  have  enabled  Mr  Bravard  to  obtain  from  beneath  the  stony  cur- 
rent a  considerable  number  of  additional  osseous  remains,  referable 
to  the  genera  Equus,  Sus,  Tarandus,  Cervus,  Canis,  Felis,  Martes, 
Putorius,  Sorex,  Talpa,  Arvicola,  Spermophilus,  Lagomys,  Lepus, 
and,  according  to  Mr  Waterhouse,  Cricetus  or  hamster,  and  others, 
besides  the  remains  of  a  frog,  lizard,  and  snake,  and  the  bones  of 
several  birds.  Mr  Owen  has  examined  some  of  these  remains  for 
Mr  Lyell,  and  recognizes  among  them  the  Equus  fossilis  and  Tar- 
andus priscus,  both  extinct  species,  occurring  in  the  caves  of  Eng- 
land, with  the  contents  of  which  generally  this  assemblage  of  fossils 
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from  Auvergne  appears  to  agree  very  closely — there  being  a  pre- 
dominance, according  to  Messrs  Croizet,  Bravard,  and  Pomel,  of 
species  not  known  to  exist  at  present,  with  an  intermixture  of  a  few 
others  undistinguishable  from  quadrupeds  now  inhabiting  Europe. 
Among  the  landslioUs  associated  with  the  bones,  were  found  Cyclo- 
stoma  elegansy  Clausilia  rugosa,  Helix  hortensis,  H.  nemoralis,  H, 
lapicida  Siiid  H.  ohvoluta — all  recent,  and  all,  with  the  exception  of 
the  last,  now  found  in  the  immediate  neighbourhood.  Mr  Lyell 
thinks  it  probable  that  the  deposit  of  red  argillaceous  sand  under  the 
lava  containing  these  remains,  was  derived  chiefly  from  volcanic 
matter,  which  the  eruption  of  Tartaret  threw  out,  and  that  the  fossil 
animals  perished  by  floods  occasioned  by  that  outburst.  That  a  similar 
fauna  continued  to  live  in  Auvergne  after  the  latest  eruptions,  is  in- 
ferred from  the  discovery  of  the  remains  of  many  of  the  same  group 
of  animals — spermophiius,  lepus,  castor  and  others,  in  the  clefts  of  a 
lava-current  as  modern  as  that  of  Tartaret,  observed  at  Aubier,  near 
Clermont.  This  fauna,  so  diflerent  as  a  whole  from  that  now  living 
in  Europe,  evidently  inhabited  Auvergne  when  the  valley  of  the  Couze 
had  been  excavated  down  to  the  same  level  as  that  over  which  the 
lava  of  Tartaret  flowed :  yet  its  antiquity  must  be  extremely  great — 
the  gradual  dying-out  of  species,  and  the  introduction  of  new  ones 
taking  place,  according  to  Mr  Lyell's  views,  with  extreme  slowness. 
The  fact  that  the  shells  belonged  all  to  living  species  (which  possibly 
might  not  hold  good  if  a  larger  number  were  obtained)  affords  no 
presumption  against  an  indefinitely  remote  origin,  as  compared  to  the 
periods  of  history  and  tradition,  because  the  lecturer  has  shewn  that 
the  ravine  of  the  Niagara  ("  Travels  in  JST.  America,"  vol.  i.  ch.  2), 
and  the  Delta  of  the  Mississippi  (Reports  of  the  Brit.  Assoc,  for 
1846),  both  of  which  must  have  required  an  enormous  period  for 
their  formation,  are,  nevertheless,  posterior  in  date  to  deposits  full  of 
the  recent  land  and  fresh-water  shells  of  North  America,  associated 
with  the  remains  of  quadi'upeds,  nearly  all  of  which  are  now  extinct. 
It  was  next  shewn  that  all  the  volcanoes  of  the  modern  class  of 
which  the  Puy  de  Tartaret  is  a  type,  were  not  formed  at  once,  for  the 
lavas  of  some  (as  for  example,  at  Champheix,  in  the  same  valley  of 
the  Couze)  stand  at  a  greater  height  above  the  actual  river-courses, 
and  repose  on  ancient  alluvium  formed  when  the  valleys  were  shal- 
lower. To  allow  time  for  the  ejection  of  these  numerous  cones  and 
lava-currents,  of  which  there  are  several  hundreds  in  Central  France, 
we  require  a  long  series  of  ages,  all  subsequent  to  the  miocene  period, 
to  which  another  class  of  monuments  of  anterior  date  are  referable — 
as,  for  example,  the  bone-bearing  alluviums  alternating  with  volcanic 
formations  (pumiceous  and  trachytic)  of  Mont  Perrier,  to  which  a 
distinct  fauna  (of  the  genera  mastodon,  elephant,  hippopotamus,  tapir, 
&c.)  belongs.  Some  of  the  valleys  cut  out  of  the  still  more  ancient 
lacustrine  strata  were  only  half  eroded  to  their  present  depth  in  the 
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miocene  period,  and  were  occasionally  filled  up  with  miocene  deposits, 
and  afterward  re-excavated.  It  is  possible  in  Auvergne  to  distin- 
guish the  relative  ages  of  a  great  variety  of  alluviums  containing  the 
bones  of  terrestrial  quadrupeds,  in  consequence  partly  of  their  pre- 
servation under  lavas  of  different  ages,  and  partly  their  position  on 
the  sides  of  valleys  which  wore  gradually  deepened ;  no  flood  or  re- 
turn of  the  ocean  having  disturbed  the  surface  and  mingled  the  fossils 
of  one  period  with  those  of  another,  as  has  happened  in  England  and 
most  parts  of  Europe.  The  oldest  fauna  of  land  quadrupeds  in 
Auvergne, — that  found  in  a  fossil  state  in  fresh-water  strata  of  marl 
and  limestone,  older  than  the  trachyte  of  Mont  Dor, — consisted  of 
species  of  Paleotherium,  Anoplotherium,  Anthracotherium,  Opossum, 
&c.,  analogous,  in  great  part,  to  those  of  the  Paris  basin,  with  some 
miocene  forms  associated,  and  belonging,  according  to  Mr  Lyell,  to 
an  upper  eocene  group,  newer  than  the  Parisian  tertiaries,  or  the 
uppermost  fresh-water  of  the  Isle  of  Wight.  Hence  it  follows  that 
the  whole  succession  of  revolutions  in  the  animate  and  inanimate 
creation  which  have  occurred  in  Central  France  since  the  land 
emerged,  vast  as  they  are  in  duration,  as  compared  to  the  era  of  the 
more  modern  volcanoes,  is,  nevertheless,  considerably  posterior  to  the 
marine  clay  on  which  London  is  built ; — this  last  being  one  of  those 
tertiary  deposits  which  rank  as  but  the  monuments  of  yesterday  in 
the  great  calendar  of  geological  chronology. 


On  the  Ancient  Extent  of  the  Glaciers  of  Chamonixfrom 
Mount  Blanc  to  the  Jura,     By  M.  Ch.  MARTINS. 

In  the  month  of  August  1815,  a  geologist  returned  from  a 
long  excursion  to  the  glaciers  which  occupy  the  bottom  of  the 
valley  of  Lourtier,  a  valley  lying  in  a  lateral  direction  to  that 
leading  to  the  Great  St  Bernard.  Wishing  to  reach  the  hos- 
pice on  the  following  day,  by  a  difficult  and  little  known  pass, 
he  spent  the  night  in  the  hut  of  a  chamois-hunter,  named 
Jean-Pierre  Perraudin,  who  was  to  be  his  guide  next  day. 
Seated  before  a  fire  formed  of  branches  of  rhododendron,  the 
odoriferous  smoke  of  which  escaped  from  the  top  of  the  roof, 
the  geologist  and  the  mountaineer  spoke  of  the  elevated  re- 
gion which  both  of  them  had  so  often  traversed.  The  con- 
versation then  fell  on  those  large  granite  blocks  often  found 
at  Buch  great  distances  from  the  rock  from  which  they  have 
been  detached.     The  geologist  explained  at  length  to  the 
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mountaineer  how  men  of  science  had  shewn,  by  means  of 
profound  calculations,  that  the  erratic  blocks  had  been  for- 
merly transported  by  strong  currents  of  water.  To  all  this 
Jean  Perraudin  could  answer  nothing,  but  he  shook  his  head 
with  an  air  of  doubt  and  incredulity.  '*  I  am  of  opinion,"  he 
said  at  length,  "  that  the  glaciers  of  our  Alps  were  much 
more  extensive  formerly  than  in  the  present  day.  The  whole 
of  our  valley,  to  a  great  height  above  the  torrent  of  the 
Drance  has  been  filled  by  a  vast  glacier  which  descended  as 
far  as  Martigny,  as  is  proved  by  blocks  of  rock  found  in  the 
neighbourhood  of  that  town,  and  which  are  far  too  large  to 
be  transported  by  water."  In  speaking  thus,  Perraudin 
little  suspected  that  he  had  made  a  great  discovery,  and 
solved,  by  his  own  good  sense,  a  problem  which  the  genius 
of  the  most  celebrated  geologists,  furnished  with  all  the  re- 
sources of  science,  had  attempted  without  success. 

Fortunately  the  individual  to  whom  he  thus  communicated 
the  result  of  his  solitary  observations  was  a  practical  man, 
more  interested  in  facts  than  theories.  The  hint  the  peasant 
suggested  to  his  mind  developed  itself  freely,  and  the  idea  of 
the  ancient  extension  of  glaciers  beyond  their  present  limits, 
became,  for  twenty  years,  the  constant  object  of  his  researches 
and  reflections.  One  of  his  friends,  an  engineer,  M.  Venetz, 
had  been  led  to  entertain  the  same  views  from  studying  the 
erratic  blocks  of  the  Valais.  Lastly,  in  1834,  when  his  con- 
viction was  complete,  and  supported  by  numerous  and  irre- 
sistible proofs,  M.  de  Charpentier  (for  it  was  he  who  had 
been  Perraudin's  confidant)  brought  forward  his  opinion  at 
the  meeting  of  Swiss  naturalists  held  at  Lucerne.  Like  every 
new  idea,  it  was  received  with  coldness,  or  treated  with  dis- 
dain ;  but,  as  it  was  founded  on  truth,  it  made  progress  of 
itself,  and  has  now  become  one  of  the  most  important  ques- 
tions which  have  engaged  the  geological  public.  Owing  to 
the  great  number  of  works  published  of  late  years  on  this 
question,*  the  phenomenon  of  the  Alps  has  assumed  the  im- 

*  Among  these  works,  we  may  mention  those  of  MM.  Agassiz,  Desor,  A^ 
Guyot,  J.  Forbes,  Studcr,  A.  Escher  de  la  Linth,  and  Blanchet,  relating  to  the 
Alps;  Leblanc,  Renoir,  Ilogard,  and  E.  Collomb,  on  the  Vosges;  Agassiz 
Lyell,  Buckland,  Smith,  Maclarcn,  in   Scclland,  England,  and  Ireland;  Al, 
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portance  of  a  great  revolution,  and  its  theatre  may  be  said 
to  include  a  considerable  portion  of  the  two  hemispheres.  If 
human  genius  should  one  day  explain  the  cause  of  this  gla- 
cial cataclysm,  it  will  throw  the  brightest  light  on  the  last 
phase  of  the  geological  history  of  the  globe, — on  the  myste- 
rious epoch  which  preceded  the  appearance  of  Man  on  the 
surface  of  the  earth, — and  on  that  universal  Deluge,  of  which 
traces  are  found  in  the  traditions  of  nations  in  Europe,  Asia, 
and  the  two  Americas.  The  intimate  relation  which  connects 
these  two  phenomena  cannot  be  denied,  for  they  are  attested 
at  once  by  reason  and  observation.  Yet  we  do  not  propose^ 
to  pursue  the  study  of  glacial  phenomena  in  all  the  countries 
where  they  have  been  attended  to ;  we  confine  ourselves  to 
the  study  of  them  among  the  Alps,  where  the  facts,  well 
known  and  appreciated,  may  be  verified  every  year  by  nume- 
rous travellers. 

Have  the  glaciers  of  Switzerland  and  Savoy  always  been 
confined  within  their  present  limits,  or  did  they  formerly  ex- 
tend into  the  great  plains  which  lie  around  the  chain  of  the 
Alps  \    Such  is  the  problem,  when  reduced  to  a  simple  form. 
My  object  is  to  explain  the  facts  on  which  the  advocates  of 
the  ancient  extension  of  glaciers  rest  the  argument.    In  order 
to  establish  their  views,  they  have  to  combat,  among  philo- 
sophers, convictions  of  old  standing,  resting  on  the  most  un- 
exceptionable authorities   in   geology ;   among  men  of  the 
world,  the  testimony  of  biblical  tradition,  and  that  of  all  the 
senses,  which  revolt  against  the  idea  of  considering  these 
plains,  now  so  fertile  and  animated,  as  having  been  buried 
during  long  periods  under  an  immense  sheet  of  snow  and  ice. 
Both  parties  have  a  right  to  demand  numerous  and  positive 
proofs.     These  proofs  exist ;  but,  before  examining  them,  it 
is  necessary  to  possess  some  knowledge  of  existing  glaciers; 
for  the  method  followed  by  geologists,  to  whom  we  are  in- 
debted for  the  results  which  we  are  about  to  lay  before  the 
reader,  has  always  been  that  introduced  into  science  by  M. 
Constant  Prevost,  and  wliich  may  be  briefly  expressed  in  this 


Brongniart,  Sefstroem,  Keilhau,  Boethling,  Siljestroem,  Daubree,  Murchison, 
Verneuil,  and  Dui-ocher,  in  Scandinavia;  Hitchcock  and  Darwin,  in  America. 
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way :  **  To  study  tlie  mo(Je  of  action  of  natural  elements  which 
we  witness  before  our  eyes,  and  compare  the  effects  they 
produce  with  those  of  which  traces  are  still  preserved  on  the 
surface  of  the  globe.''  By  proceeding  on  this  principle,  we 
shall  find  that  we  can  discover  everywhere,  in  the  vast  plains 
which  surround  the  Alps,  traces  of  those  gigantic  glaciers  of 
which  such  as  now  remain  may  be  said  to  be  the  mere  mi- 
niatures. Still,  although  reduced  to  small  dimensions,  exist- 
ing glaciers  present  us,  on  a  small  scale,  with  all  the  pheno- 
mena that  formerly  occurred  in  fields  of  ice  on  a  large  scale. 
The  effects  are  the  same,  and  we  can  infer  their  identity  from 
that  of  the  agents  which  have  produced  them. 

1 .  Of  Existing  Glaciers. 

From  the  summit  of  the  ridge  of  the  Jura,  which  over- 
looks the  Leman  basin,  we  obtain  a  bird's-eye  view  of  the 
whole  chain  of  the  Alps,  from  the  Valais  to  Dauphiny.  The 
colossal  mass  of  Mont  Blanc,  resting  on  its  broad  base, 
rises  majestically  and  alone  above  this  long  serrated  ridge. 
The  highest  peaks  are  distinguished  from  the  less  elevated 
summits,  by  the  sparkling  whiteness  of  the  snow  which  covers 
them.  In  summer,  the  lower  limit  of  these  perpetual  snows 
forms  a  straight  horizontal  line,  perfectly  marked,  which 
contrasts  with  the  sombre  verdure  of  the  forests  along  the 
base  of  the  mountains.  This  line  is  that  of  eternal  snows. 
Above  it,  winter  reigns  alone ;  below  it,  the  seasons  follow 
their  regular  course.  Above  it,  life  scarcely  exists,  and  is 
represented  only  by  a  few  polar  plants,  and  some  ephemeral 
insects  ;  below,  it  is  manifested  in  a  thousand  varied  forms, 
from  the  highest  regions  where  the  pine  and  the  chamois  ven- 
ture to  appear,  down  to  the  plains  inhabited  by  man,  where 
the  harvests  become  yellow,  and  the  vine  ripens  its  fruit. 

In  Switzerland,  the  lower  limit  of  perpetual  snow  is  about 
2700  metres  above  the  level  of  the  sea  ;  but  as  we  approach 
the  Alps,  penetrating  into  the  narrow  valleys  which  inter- 
sect the  principal  masses,  such  as  those  of  Mont  Blanc,  Mont 
Rosa,  St  Gothard,  and  the  Jungfrau,  we  perceive  that  this 
limit  is  not  a  straight  line,  as  it  appeared  when  seen  at  a 
distance.     The  fields  of  perpetual  snow  emit  branches,  so  to 
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speak,  wliich  descend  into  the  valleyl^  in  the  form  of  masses 
of  ice,  resembling  frozen  torrents.  These  masses  are  glaciers. 
Their  lower  extremity  is  often  more  than  1500  metres  below 
the  limit  of  perpetual  snow,  and  sometimes  approach  to  the 
vicinity  of  large  villages,  such  as  those  of  Chamonix,  Cour  - 
mayeur,  and  Grindelwald,  the  mean  height  of  which  is  about 
1120  metres  above  the  sea.  At  the  same  time,  a  great  num- 
ber of  glaciers  exist  which  do  not  descend  so  low,  and  rest 
on  elevated  slopes,  where  we  find  only  a  few  scattered  cha- 
lets, inhabited  only  a  few  months  in  the  year. 

What  are  the  relations  that  exist  between  these  glaciers 
and  the  fields  of  snow  with  which  they  are  connected  ?  is  the 
first  question  we  have  to  examine.  Science  has  already  an- 
swered it.  In  winter,  spring,  and  autumn,  considerable 
masses  of  snow  fall  on  the  summits  of  the  Alps.*  These 
snows,  driven  about  by  the  winds  and  whirlwinds,  accumu- 
late, particularly  in  the  great  depressions  in  the  vicinity  of 
the  high  peaks.  These  depressions  are  known  by  the  name 
of  amphitheatres  or  cirques^  for  they  commonly  terminate 
in  a  semicircular  enclosure,  surrounded  with  elevated  sum- 
mits. Of  this  description,  in  the  environs  of  Chamonix,  are 
the  cirque  which  terminates  at  the  Col  du  Geant ;  the  great 
plateau,  which  is  only  800  metres  below  the  peak  of  Mont 
Blanc ;  near  Grindelwald,  the  amphitheatre  which  leads  to 
the  Strahleck ;  at  the  Grimsel,  those  of  the  Lauteraar  and 
Finsteraar.  The  snows  that  accumulate  in  these  regions  do 
not  remain  immoveable  ;  they  have  a  progressive  motion, 
which  makes  them  tend  towards  the  valley.  Like  the  lakes 
which  feed  a  river,  and  whose  waters  begin  to  flow  slowly,  as 
soon  as  the  influence  of  the  declivity  is  felt,  these  fields  of  snow 
can  slide  over  ground  but  very  slightly  inclined.  In  propor- 
tion as  this  snow  descends  into  the  more  temperate  regions, 
it  undergoes,  particularly  in  the  warm  season,  important  modi- 
fications, which  completely  change  its  nature  and  aspect :  it  is 


*  The  height  of  the  snow  fallen  at  Grimsel,  at  1880  metres  above  the  sea 
level,  was  16  metres  6  decemetres,  from  the  mouth  of  November  1845  to  Aj)ril 
1846.  The  sheet  of  water  arising  from  the  melting  of  this  snow  would  be  1 
metre  4  decemetres  in  thickness. 
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changed  into  ice.  This  transformation  takes  place  in  the 
following  manner.  Under  the  heat  of  the  sun's  rays,  the 
surface  of  the  snow  begins  to  melt ;  the  water  thus  produced 
infiltrates  into  the  lower  beds,  which  are  changed,  under  the 
influence  of  the  night  frosts,  into  a  granular  mass,  composed 
of  small  flakes  still  in  a  state  of  disaggregation,  but  more  ad- 
herent than  the  flakes  that  produced  them.  This  state  of 
the  snow  has  been  named  by  the  Swiss  Natural  Philosopher 
neve.  Throughout  the  whole  summer,  this  neve  becomes 
infiltrated  with  additional  quantities  of  water,  always  pro- 
ceeding from  the  supei^ficial  melting,  or  from  that  of  the 
neighbouring  snows,  whose  waters  have  united  in  the  de- 
pression which  forms  the  cradle  of  the  glacier.  In  these  re- 
gions, the  thermometer  falling  every  night  below  zero,  even 
in  the  middle  of  summer,  the  neve  is  frozen  by  many  succes- 
sive congelations.  In  consequence  of  these  successive  melt- 
ings and  congelations,  it  presents  the  appearance  of  a  white 
compact  ice,  but  filled  with  an  infinity  of  small  spherical  or 
spheroidal  bubbles  of  air ;  this  is  the  vescicular  ice  {glace  hul- 
leuse)  of  the  authors  who  have  written  on  this  subject.  The 
infiltration  and  congelation  of  the  mass  becoming  more  and 
more  perfect,  as  the  glacier  descends  towards  the  inhabited 
regions,  water  at  length  replaces  all  the  air-bubbles ;  the 
transformation  is  then  complete  ;  the  ice  appears  homogene- 
ous, and  presents  those  beautiful  azure  tints  which  have  ex- 
cited the  admiration  of  travellers.  Such,  in  a  few  words,  is 
the  history  of  the  formation  of  a  glacier  ;  in  reality,  it  is  com- 
posed, as  is  seen,  of  all  the  layers  of  snow  accumulated  dur- 
ing a  long  series  of  years,  and  which  is  converted  by  degrees 
into  ice,  more  or  less  compact. 

If  the  summer  heats  did  not  set  a  limit  to  the  increasing 
glaciers,  they  would  go  on  enlarging  indefinitely  in  length 
and  momentum ;  but  every  summer  causes  a  considerable 
decrease  in  the  thickness  of  the  glacial  surface.*  This  is  the 
phenomenon  which  M.  Agassiz  has  designated  by  the  name 
of  ablation.  At  the  same  time,  the  lower  extremity  melts 
rapidly,  and  the  glacier  would  diminish  every  year,  if  an  in- 

*  Nearly  three  metres. 
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cessant  progression  did  not  counterbalance  this  effect.  A 
kind  of  equilibrium  is  thus  established  between  the  summer 
melting  on  the  one  hand,  and  the  annual  progression  on  the 
other.  If  the  season  be  warm  and  dry,  the  fusion  predomi- 
nates, and  the  glacier  recedes ;  if  the  summer  be  cold  and 
rainy,  the  progression  more  than  compensates  the  effects  of 
the  fusion,  and  the  glacier  advances. 

We  now  understand  what  are  the  influences  which  assign 
to  glaciers  a  mean  limit,  around  which  they  may  oscillate 
without  ever  surpassing  it.  It  is  less  easy  to  give  a  reason 
for  certain  glaciers  descending  into  inhabited  valleys,  while 
others  remain  suspended  on  the  sides  of  the  highest  moun- 
tains. These  differences  are  owing  to  the  size  and  height  of 
the  amphitheatres  or  cirques  which  feed  these  glaciers.  The 
more  extensive  and  elevated  these  cirques  are,  the  more  con- 
siderable will  be  the  quantity  of  snow  which  accumulates  on 
them,  and  the  more  also  will  the  outshoots  from  the  fields  of 
snow  descend  into  the  low  valleys,  and  regain,  so  to  speak, 
the  ground  which  had  been  lost  by  the  annual  melting.  It  is 
in  this  way  that  the  glacier  of  the  Bossons,  whose  source  is 
in  the  great  plateau  of  Mont  Blanc,  a  vast  amphitheatre, 
situate  nearly  4000  metres  above  the  sea,  descends  to  1040 
metres,  and  advances  to  the  midst  of  inhabited  places,  or- 
chards, and  cultivated  fields.  The  glaciers  of  Aletsch,  Viesch, 
Grindelwald,  and  Zermatt,  are  in  the  same  state.  Every  year, 
the  astonished  traveller  may  see  golden  harvests  by  the  side 
of  the  glacier  of  Brenva,  which  descends  the  southern  face  of 
Mont  Blanc.  The  influence  of  the  size  and  elevation  of  the 
amphitheatres  even  counterbalances,  according  to  M.  Desor's 
remark,  that  of  exposure  ;  and  explains  the  surprising  fact, 
that  the  longest  and  most  important  glaciers  of  the  Bernese 
Alps  are  found  on  the  southern  declivity  of  the  chain. 

"We  have  seen  that  these  glaciers  have  a  progressive  move- 
ment which  draws  them  towards  the  plain.  What  are  the 
laws  which  regulate  this  movement  ?  The  investigation  of 
these  laws  has  continually  occupied  the  attention  of  all  the 
natural  philosophers  who  have  devoted  themselves  to  this 
subject,  yet  they  have  not  hitherto  deduced  the  cause  of  this 
advance  from  the  whole  of  the  singular  phenomena  which 
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characterise  it.  Mr  J.  D.  Forbes  studied  them  on  the  Mer 
de  Glace  of  Chamonix  ;  but  it  is  on  the  glaciers  of  the  Aar 
that  the  observations  have  been  prosecuted  with  most  care 
and  perseverance.  From  1842,  MM.  Agassiz  and  Desor,  as- 
sisted by  MM.  Wyld,  Otz,  and  Dollfus-Ausset,  have  been  un- 
ceasingly occupied  with  this  question  ;  they  have  ascertained 
that,  in  its  medium  part,  this  glacier  advances  71  metres  a 
year.  Toward  the  lower  extremity,  the  rapidity  of  the  pro- 
gression decreases  till  it  does  not  exceed  39  metres :  it  accele- 
rates a  little,  on  the  contrary,  towards  the  top,  where  the 
glacier  annually  traverses  a  space  of  75  metres.* 

The  inclination  of  the  slope  on  which  the  glacier  descends 
does  not  appear  to  have  any  influence  on  the  rapidity  of  its 
progress,  but  it  is  singularly  modified  by  the  walls  of  the  hol- 
low in  which  it  moves.  The  friction  of  the  ice  against  these 
walls  considerably  retards  the  advance  of  the  lateral  parts  of 
the  glacier.  Besides  this,  if  a  promontory  jut  out  towards  the 
middle  of  the  valley,  the  glacier,  arrested  on  one  of  its  sides, 
turns  round  the  obstacle  with  extreme  slowness,  or  rather  this 
side  remains  behind,  while  the  central  portion  and  the  oppo- 
site edge  continue  to  advance  with  their  relative  quickness. 


*  The  following  is  a  short  account  of  the  method  in  which  the  advance  of  a 
glacier  was  measured.  On  the  two  banks,  two  rocks  were  chosen  opposite  each 
other ;  each  of  these  I'ocks  was  marked  by  a  white  cross  painted  upon  the  stone. 
A  series  of  stakes  were  then  fixed  in  the  ice  in  a  line  between  those  two  points, 
80  as  to  form  a  straight  line  perpendicular  to  the  axis  of  the  glacier.  After 
some  days,  an  observer  placed  himself  before  one  of  the  crosses,  and  directed 
a  telescope,  bearing  a  level,  towards  the  one  opposite.  The  glacier  having 
advanced,  and  the  stakes  along  with  it,  the  latter  were  no  longer  in  their 
original  line.  Then  a  guide  placed  on  the  glacier  and  carrying  a  pole  sur- 
mounted by  a  very  visible  object,  placed  the  pole  in  the  direction  of  the  former 
line.  This  direction  was  indicated  to  him  by  the  signal  of  the  observer,  whose 
eye  was  applied  to  the  tfelescopo.  The  latter  caused  the  pole  to  be  carried  back 
till  it  was  exactly  at  the  point  formerly  occupied  by  the  line  of  stakes.  This 
done,  the  guide  measured  the  distance  on  the  ice  from  the  foot  of  the  pole  to 
that  of  the  stakes.  This  interval  was  exactly  the  length  traversed  by  the  glacier 
between  the  observations.  This  year,  the  process  has  been  modified  by  MM. 
Uollfus,  Otz,  and  myself,  in  such  a  manner  as  to  permit  us  to  follow  the  daily 
progress  of  the  glacier  of  the  Aar  with  such  an  exactness,  that  the  error  of  ob- 
servation cannot  exceed  two  millimetres,  or  about  a  line. 
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2.  Rocks  Polished  and  Striated  hy  existing  Glaciers. 

Tlie  friction  of  the  glacier  on  its  bottom  and  walls  is  too 
considerable  not  to  leave  traces  on  the  rocks  with  which  it 
comes  in  contact ;  but  its  action  is  different  according  to  the 
mineralogical  nature  of  these  rocks,  and  the  configuration  of 
the  bed  it  occupies.  If  we  penetrate  between  the  ground  and 
the  lower  surface  of  the  glacier,  taking  advantage  of  the  ca- 
verns of  ice  which  sometimes  open  on  its  sides  and  extremity, 
we  creep  on  a  bed  of  pebbles  and  fine  sand  mixed  with  water. 
If  we  remove  this  layer,  we  find  that  the  subjacent  rock  is 
levelled,  polished,  worn  by  the  friction,  and  covered  with 
rectilinear  striae,  sometimes  resembling  small  furrows,  more 
frequently  perfectly  straight  rays  which  have  been  cut  by  a 
graving  tool,  or  even  a  very  fine  needle.  The  mechanism 
by  which  these  striae  have  been  engraved  is  the  same  that 
human  industry  employs  to  polish  stones  and  metals.  By 
means  of  a  fine  powder  called  emery  we  rub  the  metallic  sur- 
face, and  give  it  a  brilliancy  which  arises  from  the  reflection 
of  the  light  from  an  infinite  number  of  excessively  fine  striae. 
The  layer  of  pebbles  and  mud  interposed  between  the  glacier 
and  the  subjacent  rock,  represents  the  emery.  The  rock  is 
the  metallic  surface,  and  the  mass  of  the  glacier,  which  presses 
and  displaces  the  bed  of  mud  by  continually  descending  to- 
wards the  plain,  represents  the  action  of  the  polisher's  hand. 
Accordingly  the  striae  of  which  we  speak  are  always  in  the 
same  direction  as  the  progress  of  the  glacier  ;  but  as  the  latter 
is  liable  to  small  lateral  deviation,  the  stride  sometimes  cross 
each  other,  and  form  with  each  other  very  small  angles.  If 
we  examine  the  rocks  which  border  the  glacier,  we  find  the 
same  striae  engraven  on  the  parts  which  have  been  in  contact 
with  the  congealed  mass.  I  have  often  taken  pleasure  in 
breaking  the  ice  which  pressed  upon  the  rock,  and  under  the 
ice  I  found  the  surfaces  polished  and  covered  with  striae.  The 
pebbles  and  grains  of  sand  which  had  engraved  them  were 
still  fixed  in  the  glacier,  as  the  diamond  of  the  glazier  is  fixed 
at  the  extremity  of  the  instrument  which  he  uses  to  cut  glass. 

The  distinctness  and  depth  of  the  striae  depend  on  many 
circumstances.      If  the  fixed  rock  be  calcareous,  and  the 


Ancient  Extent  of  the  Glaciers  of  Chamonix.  63 

emery  composed  of  pebbles  or  sand  derived  from  harder 
rocks,  such  as  gneiss,  granite,  or  protogine,  the  striae  will  be 
very  strong  marked.  This  may  be  observed  at  the  foot  of 
the  glaciers  of  Rosenlaui  and  Grindelwald,  in  the  Canton 
of  Berne.  On  the  contrary,  if  the  rock  be  gneiss,  granite, 
or  serpentine,  that  is  to  say,  very  hard,  the  striae  will  be 
shallower  and  less  marked,  as  may  be  observed  in  the  glaciers 
of  the  Aar,  Zermatt,  and  Chamonix.  The  polish  will  be  the 
same  in  both  cases  ;  and  it  is  often  as  perfect  as  that  of  the 
marbles  which  ornament  our  buildings. 

The  stride  engraved  on  the  rocks  containing  these  glaciers, 
are  in  general  horizontal  or  parallel  to  the  surface  ;  but  at  the 
narrowing  of  the  valleys  these  stride  rise  and  approach  the 
vertical.  We  need  not  be  surprised  at  this.  Forced  to  make 
its  way  through  a  narrow  pass,  the  glacier  rises  at  the  sides, 
and  ascends  along  the  flanks  of  the  mountains  which  obstruct 
its  progress.  This  is  admirably  witnessed  near  the  Chalets 
of  Stieregg,  a  narrow  defile  through  which  the  lower  glacier 
of  Grindelwald  is  obliged  to  force  its  way,  before  it  spreads 
itself  in  the  valley  of  the  same  name.  On  the  right  bank  of 
this  glacier,  the  striae  are  inclined  45°  to  the  horizon ;  on  the 
left  bank,  it  rises  sometimes  to  the  neighbouring  forests,  and 
drags  along  large  banks  of  earth  covered  with  tufts  of  rhodo- 
dendron, elder,  birch,  and  pines.  The  soft  and  foliated  rocks 
are  bruised  and  broken  in  pieces  by  the  prodigious  force  of 
the  glacier.  The  hard  rocks  resist  it ;  but  these  rocks  also, 
by  their  flattened,  worn,  polished,  and  striated  surfaces,  bear 
testimony  to  the  enormous  pressure  to  which  they  have  been 
subjected.  It  is  in  this  way  that,  in  the  glacier  of  the  Aar, 
the  foot  of  the  promontory  on  which  M.  Agassiz  has  erected 
his  pavilion,  is  polished  to  a  great  height ;  and  on  the  face 
turned  up  the  valley  I  observed  striae  incline  64°.  The  ice 
rising  against  this  encampment  seems  as  if  it  would  have 
scaled  it ;  but  the  granite  rock  resisted,  and  the  glacier  was 
obliged  to  turn  slowly  round  it. 

In  short,  the  considerable  pressure  of  a  glacier,  joined  to 
its'progressive  movement,  acts  at  the  same  time  on  the  bottom 
and  sides  of  the  valley  which  it  traverses.  It  polishes  all  the 
rocks  which  afford  sufficient  resistance  not  to  be  destroyed  by 
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it,  and  often  impresses  on  them  a  particular  and  characteristic 
form.  By  destroying  all  the  asperities  of  these  rocks,  they 
level  the  surface,  and  give  them  a  rounded  form  in  front, 
while,  behind,  they  sometimes  preserve  their  abrupt,  unequal, 
and  rugged  forms.  It  will  be  understood  that  the  effect  of 
the  glacier  is  exerted  principally  on  the  side  turned  towards  the 
amphitheatre  from  which  it  descends,  in  the  same  manner  as 
the  piers  of  a  bridge  are  more  damaged  in  front  than  behind  by 
the  ice  carried  down  the  river  in  winter.  Seen  at  a  distance, 
a  group  of  rocks  rounded  in  this  manner  reminds  the  spec- 
tator of  the  appearance  of  a  flock  of  sheep  ;  hence  the  name 
roches  moutonnees  given  them  by  Saussure,  and  which  has 
continued  to  be  applied  to  them. 

3.  Moraines  and  Erratic  Blocks  of  existing  Glaciers. 

There  is  another  class  of  phenomena  of  great  importance 
in  the  history  of  existing  glaciers,  and  of  those  which  formerly 
covered  Switzerland.  I  speak  of  the  fragments  of  rock  of 
every  size  and  nature  which  a  glacier  carries  along  with  it. 
The  appearance  of  the  Alps  seems  to  intimate  to  us  that  they 
are  immense  ruins.  Everything  conspires  for  their  destruc- 
tion ;  all  the  elements  seem  combined  to  abase  their  haughty 
peaks.  The  masses  of  snow  which  rest  upon  them  in  the 
winter,  the  rain  which  filters  into  their  strata  in  summer,  the 
sudden  action  of  the  waters  of  torrents,  and  the  slower,  but  still 
more  powerful,  influence  of  chemical  affinities,  degrade,  dis- 
integrate, and  decompose,  the  hardest  rocks.  Their  debris  fall 
from  the  summits  into  the  amphitheatres  occupied  by  glaciers, 
in  considerable  masses,  accompanied  by  a  frightful  noise,  and 
large  clouds  of  dust.  Even  in  the  middle  of  summer,  I  have 
seen  these  avalanches  of  stones  precipitated  from  the  top  of 
the  peaks  of  the  Schreckhorn,  and  form  on  the  spotless  snow  a 
long  black  track,  composed  of  enormous  blocks,  and  an  im- 
mense number  of  smaller  fragments.  In  spring,  the  rapid 
melting  of  the  winter's  snow  often  gives  rise  to  accidental 
torrents  of  extreme  violence.  If  the  melting  be  slow,  the 
water  insinuates  itself  into  the  smallest  fissures  of  the  rock, 
becomes  frozen  there,  and  splits  the  most  refractory  masses. 
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The  blocks  detached  from  mountains  are  sometimes  of  gigan- 
'  tic  dimensions,  some  are  found  20  metres  in  length,  and  such 
as  measure  10  metres  in  every  direction  are  not  rare  in  the 
Alps. 

If  the  glacier  were  immoveable,  these  debris  would  remain 
fixed  in  it  without  any  order,  but  its  movement  causes  a 
certain  arrangement  in  the  distribution  of  these  materials, 
which  shews  a  very  remarkable  degree  of  regularity.  These 
blocks  are  disposed  on  the  glacier  in  long  tracks  parallel  to 
its  sides,  or  they  accumulate  at  the  extremity  in  the  form 
of  large  transverse  mounds.  Both  of  these  accumulations 
have  been  distinguished  by  the  name  of  moraines. 

The  following  is  the  mechanism  employed  in  the  formation 
of  moraines.  The  debris  of  the  surrounding  mountains  falling 
on  the  sides  of  the  glacier,  they  share  in  its  motion,  and  ad- 
vance along  with  it ;  but,  additional  quantities  of  materials 
falling  upon  it,  it  may  be  said  daily,  are  deposited  in  a  line 
with  the  first,  and  the  whole  united  form  those  long  con- 
voys of  substances  which  lie  along  the  two  sides  of  the  glacier; 
these  are  the  lateral  moraines,  A  glacier  often  presents  many 
lateral  moraines,  because  the  debris  from  above  fall  at  points 
unequally  distant  from  the  centre,  and  the  degree  of  their 
motion  is  consequently  different.  The  greater  part  of  tourists 
who  have  visited  the  great  glaciers  of  Switzerland  are  ac- 
quainted with  these  lateral  moraines,  and  more  than  one  of 
them  can  recall  the  fatigue  they  had  to  undergo  before  they 
could  scale  these  accumulations  of  gigantic  blocks.  They 
might  be  called  ramparts  raised  by  giants  to  prevent  access 
to  these  fields  of  eternal  snow,  where  nature  has  concealed 
the  secret  of  the  last  revolutions  of  our  globe.  After  pass- 
ing the  lateral  moraine,  the  traveller  almost  always  discovers 
a  mound  still  more  considerable,  disposed  longitudinally  to- 
wards the  centre  of  the  glacier,  and  which  is  named  the 
median  moraine.  This  results  from  the  junction  of  two  glaciers 
of  nearly  equal  magnitude.  At  the  extremity  of  the  projec- 
tion which  separates  them,  the  left  lateral  moraine  of  the 
one  rests  against  the  back  of  the  right  lateral  moraine  of  the 
other.  These  two  lateral  moraines  are  soon  confounded  in 
one,  and  form  the  median  moraine  of  the  new  glacier,  itself 
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composed  of  the  two  glaciers  united.  Tlius,  at  the  junction 
of  the  Arve  and  Rhone,  we  see  the  turbulent  water  of  the. 
torrent  mingled  at  the  central  point  of  confluence  with  the 
transparent  waters  of  the  river  purified  by  its  passage  across 
the  lake  of  Geneva.  The  median  moraine  partakes  of  the 
motion  of  the  medium  part  of  the  glacier ;  after  a  longer  or 
shorter  transit,  each  block  reaches  in  its  turn  the  terminal 
escarpment,  rolled  along  the  declivity  till  it  be  stopped  at 
this  rampart  of  ice.  On  the  glacier  of  the  Aar,  the  length  of 
which  is  8  kilometres,  a  block  takes  133  years  to  traverse  the 
space  comprised  between  the  promontory  of  Abschwung, 
which  separates  the  two  principal  affluents  and  the  lower 
extremity.  The  accumulation  of  these  blocks  forms  a  con- 
centric mound  at  this  extremity ;  this  is  the  terminal  or 
frontal  moraine,  which  differs  from  all  of  which  we  have 
spoken  in  this,  that  it  does  not  rest  upon  the  glacier,  but  be- 
fore it,  on  the  bottom  of  the  valley. 

We  are  now  acquainted  with  three  kinds  of  moraines; 
some  superficial^  extended  on  the  surface  of  the  glacier,  and 
which  are  divided  into  lateral  and  median  moraines,  accord- 
ing as  they  are  on  its  sides  or  in  the  middle ;  and  the  ter- 
minal moraine,  produced  by  the  accumulation  of  blocks  which 
form  the  terminal  escarpment  of  the  glacier,  and  rest  upon 
the  ground.  There  is  still  another  kind  of  moraine,  that  is, 
the  layer  of  sand  and  pebbles  interposed  between  the  lower 
surface  of  the  glacier  and  the  subjacent  rock.  I  shall  desig- 
nate this  deep  moraine  {moraine  profonde)  in  order  to  distin- 
guish it  from  such  as  are  superficial  and  terminal. 

4.  Pebbles  Striated  by  existing  Glaciers. 

Carried  slowly  along  on  the  surface  of  a  glacier,  all  the 
blocks  of  superficial  and  terminal  moraines  retain  their  ori- 
ginal forms.  The  edges  of  these  blocks  are  sharp,  the  angles 
acute,  as  at  the  moment  when  they  fell  upon  the  ice.  They 
present  no  marks  of  wear  or  friction,  such  as  we  notice  on 
stones  rolled  and  rounded  by  the  action  of  water.  We  may 
detach  from  theni  beautiful  groups  of  crystals,  as  perfect  as 
when  in  their  original  bed ;  for,  except  the  first  fall  which 
precipitated  them  on  the  glacier,  these  masses  have  been  sub- 
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jcctcd  to  no  violence.  Atmospheric  agents  alone  can  affect 
them;  accordingly,  the  blocks  composed  of  hard  and  resist- 
ing rocks  often  preserve  the  colossal  dimensions  of  which  we 
have  spoken. 

Such  is  not  the  case  with  the  fragments  which  do  not  form 
part  of  the  superficial  moraines.  The  lateral  walls  of  the 
glacier  are  not  in  immediate  contact  with  the  sides  of  the 
valley;  there  is  almost  always  a  small  interval  between 
them.  Numbers  of  blocks  and  debris  are  entangled  between 
this  wall  of  ice,  and  the  rocks  which  it  polishes.  Some  of 
them  remain  suspended  in  this  space  ;  others,  by  degrees, 
sink  to  the  lower  surface  of  the  glacier,  and  form  the  deep 
moraine.  To  these  blocks  are  added,  a  part  of  those  which 
fall  into  the  numerous  crevasses  and  wells,*  objects  which  are 
so  formidable  to  inexperienced  travellers.  All  these  debris, 
enclosed  between  the  rock  and  the  glacier,  pressed,  bruised, 
and  broken  by  this  great  press  continually  in  action,  do  not 
preserve  the  dimensions  they  had  when  detached  from  the 
mountains.  The  greater  part  of  them  are  reduced  to  an  im- 
palpable mud,  which,  mingled  with  the  water  flowing  from 
the  glacier,  forms  the  bed  of  mud  on  which  it  rests.  Others 
preserve  indelible  traces  of  the  pressure  to  which  they  have 
been  subjected.  All  their  angles  are  blunted,  their  sharp 
ridges  effaced,  and  they  assume  the  form  of  rounded  pebbles, 
or  present  unequal  facettes,  resulting  from  prolonged  friction. 
If  the  rock  be  soft  like  the  limestones,  then  not  only  is  the 
pebble  rounded,  but  it  is  covered  with  a  multitude  of  striae 
crossing  each  other  in  all  directions.  These  striated  pebbles 
are  of  great  importance  in  reference  to  the  study  of  the  an- 
cient extension  of  glaciers  ;  they  are  medals,  the  presence 
of  which  determines,  almost  with  certainty,  the  former  ex- 
istence of  a  glacier,  which  has  now  disappeared.  In  fact, 
a  glacier  alone  has  the  power  to  shape,  wear,  and  striate 
these  pebbles  in  the  manner  indicated.  ^Yater  polishes  and 
rounds  them,  but  it  never  striates  them.     Nay,  it  effaces  the 


*  One  of  these  wells,  measured  by  MM.  Dolfus,  Otz,  and  myself,  on  the  gla- 
cier of  the  Aar,  was  58  metres  deep.  On  the  glacier  of  the  Finsteraar,  M.  Desov 
sounded  another,  and  found  no  bottom  at  232  metres  below  tho  surface. 
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the  strice  engraven  by  glaciers.  This  fact  may  be  verified  at 
the  foot  of  those  in  the  valley  of  Grindelvvald.  At  300  metres 
from  the  escarpment,  the  torrents  which  issue  from  it  carry 
along  only  rounded  pebbles,  but  they  are  smooth  and  com- 
pletely deprived  of  striae.  I  assured  myself  of  this  in  the 
most  positive  manner.  Indeed,  M.  Edward  Collomb  solved 
the  question  in  an  experimental  manner.  lie  took  pebbles 
striated  by  the  glaciers,  and  placed  them  along  with  sand  and 
water  in  a  horizontal  cylinder,  which  was  turned  round  only 
fifteen  times  in  the  minute.  At  the  end  of  twenty  hours,  all 
the  stria)  had  disappeared.  Accordingly,  we  shall  seek  in 
vain  for  them  on  pebbles  rolled  along  by  the  most  violent 
torrents,  or  on  banks  where  the  flux  and  reflux  of  the  sea 
washes  continually,  driving  them  to  the  shore,  and  again 
sweeping  them  back  towards  the  deep. 

After  these  details,  we  hope  that  the  proofs  which  we  ad- 
duce to  demonstrate  the  ancient  extension  of  existing  glaciers, 
will  be  at  least  sufiiciently  intelligible.  We  have  purposely 
omitted  all  that  had  not  a  direct  application  to  the  study  of 
this  great  phenomenon.  The  method  we  adopt  to  prove  this 
ancient  extension,  is  at  once  the  most  simple  and  the  most 
certain  that  can  be  followed  in  geology.  We  shall  traverse 
the  countries  which  surround  the  Alps,  and  inquire  whether 
they  present  indubitable  traces  of  the  action  of  glaciers.  If 
we  everywhere  find  these  traces  as  numerous  and  as  evident, 
as  in  the  neighbourhood  of  existing  glaciers,  we  shall  be  in- 
evitably led  to  admit,  that  formerly  they  descended  into  the 
plain,  and  filled  the  interval  which  separates  the  Alps  from 
the  Jura.  The  ancient  extension  of  glaciers  will  be  demon- 
strated, without  it  being  in  our  power  to  give  an  account  of 
the  meteorological  perturbations  which  accompanied  them  ; 
for,  in  a  study  which  dates  only  a  few  years  back,  we  cannot 
flatter  ourselves  with  having  brought  together  a  sufficient 
number  of  facts  to  enable  us  to  ascend  to  the  cause  which 
produced  this  phenomenon.  We  may  merely  affirm,  that  this 
prodigious  development  of  the  seas  of  ice  would  be  impossible 
in  the  existing  climatic  conditions,  and  that  it  necessarily 
supposes  a  notable  depression  in  the  temperature,  and,  con- 
sequently, a  diff'erent  climate  from  what  now  prevails  in 
Europe, 
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5.  Of  the  ancient  Extension  of  the  Glaciers  of  Mont  Blanc  from 
Chamonix  to  Geneva, 

Before  giving  an  idea  of  the  extent  of  the  antediluvian 
glaciers,  I  have  thought  that  it  would  be  of  advantage  to  fol- 
low one  of  these  glaciers  throughout  its  whole  length,  from 
its  origin  to  its  terminal  moraine.  In  this  journey,  we  shall 
everywhere  meet  with  marks  which  it  has  left  in  its  passage, 
and  we  shall  easily  establish  the  identity  of  these  marks  with 
those  found  in  the  vicinity  of  actual  glaciers.  I  choose,  as 
an  example,  the  glaciers  of  Mont  Blanc,  which  formerly  filled 
all  the  valley  of  the  Arve,  and  extended  from  Chamonix  to 
Geneva. 

Let  us  transport  ourselves  to   Montanvert,   850   metres 
above  the  village  of  Chamonix.     The  Mer  de  Glace  is  at  our 
feet,  it  descends  from  the  vast  amphitheatres  of  the  Jardin 
and  the  Aiguille  du  Geant.  Without  being  bold  mountaineers, 
we  can  pass  the  Fonts,  cross  the  left  lateral  moraine,  and 
advance  to  the  promontory  of  the  Angle.    The  whole  surface 
of  this  promontory  is  polished  and  striated  above  as  well  as 
below  the  surface  of  the  glaciers.     Of  this  we  may  convince 
ourselves  by  looking  between  the  ice  and  the  wall  of  the 
granite.     If  we  carry  this  examination  further,  we  shall  see 
that  the  rocks  are  polished  and  striated  to  a  great  height,  and 
that  the  traces  of  the  glaciers'  action  only  cease  at  the  foot 
of  the  high  aiguilles  which  overlook  it.   Now,  the  striae  which 
the  ice  has  engraved  under  our  eyes  being  iaentical  with 
those  which  are  300  metres  above  our  heads,  we  are  entitled 
to  conclude  that  the  thickness  of  the  glacier,  or  its  puissance 
(to  use  the  language  of  the  continental  geologists),  was  for- 
merly much  greater  than  it  is  now.      But  if  that  thickness 
was  greater,  so  also  was  its  length  ;  for  a  necessary  relation 
exists  between  the  three  dimensions  of  a  glacier.      Thus, 
then,  the  terminal  moraine,  instead  of  being  at  the  hamlet  of 
Bois,  3  kilometres  in  advance  of  Chamonix,  was  at  that  time 
much  more  remote.     We  thus  see  that  without  quitting  the 
surface  of  an  existing  glacier,  we  can  be  certain  that  its  ex- 
tent was  formerly  more  considerable  than  in  our  day.     But 
other  proofs  are  not  wanting. 
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Instead  of  stopping,  like  the  glacier,  at  the  foot  of  the 
mountain  named  Chapeau,  the  right  lateral  morairie  is 
lengthened  in  the  form  of  an  immense  mound,  which  bars 
the  valley  of  Chamonix,  and  has  the  hamlet  of  Lavangi  placed 
upon  it.  The  Arve  has  worn  out  for  itself  a  narrow  passage 
between  this  mound  and  the  northern  declivity  of  the  valley. 
In  order  to  follow  this  route,  we  are  obliged  to  enter  upon 
this  natural  mole,  and  we  are  thus  enabled  to  convince  our- 
selves that  it  is  composed  of  sand,  pebbles,  and  large  angular 
blocks  confusedly  heaped  upon  each  other  as  in  existing 
moraines.  One  of  these  blocks,  placed  on  the  ridge,  is  known 
by  the  name  of  Pierre  de  Lisholi.  This  mound  is  the  ancient 
lateral  moraine  of  the  Mer  de  Glace ;  but  the  forest  which 
covers  it  proves,  that,  for  a  long  while,  the  surface  of  the  gla- 
cier has  sunk  to  the  level  where  we  now  see  it.  Already, 
Saussure*  had  detected  the  existence  of  this  ancient  moraine, 
which  appears  with  a  distinctness  of  evidence  which  the  most 
prejudiced  mind  cannot  deny.  It  extends  itself  by  ascending 
the  valley  as  far  as  the  hamlet  of  lies,  at  2  kilometres  from 
the  village  of  Argentiere.  The  Arve,  checked  in  its  course 
by  the  moraine  of  Lavangi,  formerly  formed  a  lake,  the  suc- 
cessive levels  of  which  are  still  indicated  by  the  horizontal 
terraces  which  border  the  course  of  the  torrent. 

From  the  top  of  this  lateral  moraine,  an  attentive  observer 
may  perceive  in  the  valley  the  ancient  terminal  moraine 
of  the  Mer  de  Glace,  at  the  period  of  its  smallest  extension. 
The  form  of  this  moraine  is  characteristic ;  it  is  that  of  an 
arc  whose  concavity  is  turned  up  the  valley.  The  village  of 
Chamonix  is  partly  built  upon  the  moraine,  and  with  the 
erratic  blocks  which  compose  it.  The  small  mount  situate  on 
the  left  bank  of  the  Arve,  in  front  of  the  Union  hotel,  is  one 
of  its  most  salient  points.  In  1845, 1  could  study  the  interior 
structure  of  this  small  mount  while  they  were  digging  the 
foundations  of  the  new  hotel,  erected  in  front  of  the  one  I 
have  named,  and  I  found  that  it  was  identical  with  that  of 
the  actual  moraines. 

But,  it  will  be  said,  where  is  the  proof  that  the  erratic 

*  Voyages  dans  les  Alps,  §  623. 
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blocks  of  the  moraine  of  Chamonix  have  been  deposited  there 
by  the  Mer  de  Glace  %  Is  it  not  more  natural  to  suppose 
that  they  have  descended  from  the  Brevent,  whose  eboule- 
ments  continually  threaten  the  village,  and  form  the  large 
delta,  the  eastern  angle  of  which  it  occupies  ?  The  answer 
is  easy.  The  Brevent  is  a  gneiss  mountain,  and  almost  all 
the  blocks  of  the  moraine  are  of  protogine,  a  species  of  cha- 
racteristic granite  which  constitutes  the  mass  of  Mont  Blanc, 
and  of  the  sharp  peaks  with  which  it  is  surrounded. 

Continue  to  descend  along  the  valley.  After  crossing  the 
Arve  on  a  wooden  bridge,  you  arrive  at  the  hamlet  of  Mont- 
cuar,  which  is  surrounded  on  every  side  by  immense  blocks 
of  protogine.  The  ground,  from  being  level,  becomes  un- 
equal, and  the  route  passes  over  numerous  low  mounds. 
You  are  on  a  new  terminal  moraine,  corresponding  to  a 
greater  extension  of  the  Mer  de  Glace,  and  the  glacier  of 
the  Bossons  united ;  it  is  that  of  Montcuar,  the  breadth 
of  which,  on  the  banks  of  the  Arve,  is  about  400  metres. 
This  moraine  terminates  a  little  beyond  the  torrent  which 
issues  from  the  glacier  of  Taconnay.  The  blocks  compos- 
ing it  are  truly  gigantic.  All  strangers  remark  those  found 
in  the  small  wood  which  runs  along  the  side  of  the  torrent. 
One  of  these  blocks,  named  Pierre  Belle,  is  not  less  than  24 
metres  7  decimetres  long,  by  9  metres  in  breadth,  and  fffc 
least  12  in  height.  It  is  not  a  stone,  but  a  true  hill,  rising 
above  all  the  trees  which  surround  it.  If  he  retain  some 
doubts  as  to  the  nature  of  the  agent  which  transported  these 
blocks,  the  observer  who  is  not  afraid  of  difficult  paths,  has 
only  to  ascend  to  the  heights  which  overlook  the  right  bank 
of  the  Arve.  In  the  rude  pathway  which  leads  to  the  hamlet 
of  Merlet,  he  will  find,  between  336  and  350  metres  above  the 
valley,  moutonned  rocks,  that  is  to  say,  rocks  rounded  and  po- 
lished like  those  we  meet  with  under  existing  glaciers. 

After  traversing  the  moraine  of  Montcuar,  the  traveller 
advances  along  a  ground  formed  of  rolled  pebbles,  conveyed 
by  torrents,  whose  dried  up  beds  he  may  yet  perceive ;  but, 
if  he  cast  his  eye  on  the  right  bank  of  the  Arve,  he  perceives 
in  the  distance  erratic  blocks  and  large  polished  surfaces  al- 
most in  a  vertical  position.     He  then  finds  himself  near  the 
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village  of  Ouches,  the  last  in  the  valley  of  Chamonix.  It  is 
there  that  the  glacier  has  left  the  most  varied  and  evident 
indications  of  its  passage.  The  enormous  pressure  that  must 
have  been  exerted  to  force  tlie  entrance  of  the  narrow  gorge 
of  Montees,  the  change  in  the  direction  of  the  valley,  all  con- 
tribute to  produce  those  phenomena  which  we  observe  at  the 
foot  of  promontories,  or  near  contractions  which  narrowed 
the  bed  of  existing  glaciers. 

In  front  of  the  village  of  Ouches,  on  the  right  bank  of  the 
Arve,  three  hillocks  are  to  be  seen  of  a  characteristic  form  ; 
they  are  rounded  in  front,  and  precipitous  behind.  We  at 
once  perceive,  that  the  force  which  has  worn  away  the  in- 
clined strata  of  argillaceous  steaschist  which  composes  them, 
came  from  the  upper  part  of  tlie  valley,  and  spared  the  face 
turned  towards  the  lower  part  of  it.  Hence  this  rounded 
form  in  front,  terminating  abruptly  in  an  escarpment  turned 
in  the  opposite  direction.  Let  us  examine  these  hills  nearer 
at  hand ;  everywhere,  on  the  summit  and  sides,  we  find  rec- 
tilinear grooves, — those  fine  striae  running  in  the  direction  of 
the  valley,  and  which  could  be  traced  only  by  glaciers ;  and, 
to  complete  the  demonstration,  numerous  blocks  of  protogine, 
often  enormous,  with  sharp  angles  and  trenchant  ridges,  rest- 
ing on  polished  and  striated  surfaces.  Even  to  the  height  of 
5y3  metres,  the  whole  mountain  of  Coupeau,  above  the  right 
bank  of  the  Arve,  is  covered  with  moutonned  rocks,  which 
disappear,  so  to  speak,  under  innumerable  erratic  blocks. 
The  strise  which  furrow  these  rocks  are  not  horizontal ;  they 
could  not  be  so,  for  this  mountain  forms  a  salient  promon- 
tory in  the  valley,  and  the  glacier  having  raised  itself  up 
against  the  obstacle  which  opposed  its  progress,  has  grooved 
the  ascending  stride  which  run  from  the  front  backwards,  like 
those  we  have  mentioned  on  the  glacier  of  the  Aar,  at  the 
foot  of  the  promontory  which  bears  M.  Agassiz's  pavilion. 

Thus  the  most  convincing  traces  which  a  glacier  can  leave 
of  its  passage  at  the  entrance  into  a  defile,  hills  rounded  in 
front  and  precipitous  behind,  moutonned  rocks  with  grooves 
and  rectilinear  strise,  horizontal  in  the  bottom  of  the  valley, 
ascending  on  the  promontory  which  contracted  it,  and  a  la- 
teral moraine,  composed  of  angular  blocks  suspended  on  the 
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sides  of  mountains,  are  all  found  united  at  the  entrance  into 
the  gorge  of  Montees. 

There  still  are  observers  who  ascribe  all  these  appear- 
ances to  the  action  of  great  currents  of  water.  They  think 
that  these  diluvian  torrents  have  had  the  power  to  transport 
erratic  blocks  without  blunting  the  angles,  or  effacing  the 
ridges.  They  ascribe  the  rounded  forms  of  the  moutonned 
rocks,  and  the  strice  which  cover  them,  to  the  rapid  passages 
of  these  blocks ;  they  are  not  alarmed  at  the  idea  of  admit- 
ting currents  of  400  or  500  metres  in  depth,  running  during 
long  periods  of  time,  which  presupposes  masses  of  water 
really  incalculable,  and  whose  origin  could  not  be  explained. 

But  the  faith  even  of  the  most  sturdy  diluvialist,  would,  T 
think,  be  shaken,  by  comparing  the  marks  of  the  ancient 
glacier  which  descended  by  the  valley  of  Chamonix  with  the 
action  of  the  Arve,  which  has  scooped  out  a  bed  in  the  same 
ground  which  the  glacier  has  modelled.  On  the  one  side 
moutonned  rocks,  furrowed  with  radiated  grooves  ;  in  the  in- 
terior, polished  surfaces  with  fine  striae,  always  rectilinear, 
often  ascending ;  enormous  erratic  blocks,  with  sharp  angles 
and  sharp  edges,  lying  on  the  sides  of  mountains — such  is 
the  work  of  the  glacier.  On  the  other,  erosions,  sinuous  and 
ramified  canals,  witli  smooth  and  uniform  walls,  always  lying 
in  the  direction  of  the  declivity ;  cylindrical  cavities  called 
mar  mites  de  geans ;  blocks  of  moderate  size,  rolled,  rounded, 
the  ridges  and  angles  blunt,  lying  in  the  bottom  of  the  val- 
ley— such  are  the  effects  of  a  torrent.  They  may  be  studied 
in  the  bed  of  the  Arve  by  the  side  of  the  traces  of  the  gla- 
cier. In  the  former  case,  it  is  a  solid  body  w4iich  levels  and 
engraves  the  rock ;  in  the  second,  it  is  a  liquid  which  inces- 
santly attacks  it,  hollows  and  polishes  it,  but  without  causing 
a  single  ray. 

On  leaving  the  village  of  Ouches,  the  traveller  crosses  a 
small  plain,  and  then  enters  the  gorge  of  Montees,  which 
unites  the  valley  of  Chamonix  to  that  of  Servoz.  On  the 
right  the  Arve  roars  at  the  bottom  of  a  precipice,  on  the  left 
a  low  and  marshy  place  extends  to  the  foot  of  Prairion.  All 
the  escarpments  of  the  gorge  of  Montees,  and  all  the  rocks 
which  rise  in  the  valley  are  moutonned,  strewed  with  large 
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erratic  blocks,  and  furrowed  with  rectilinear  strias,  often 
many  metres  in  length.  Without  leaving  the  great  road, 
we  may  see  one  of  those  hills  on  the  left  bank  of  the  Arve, 
after  passing  the  bridge  Pelissier ;  it  is  that  on  which  the 
picturesque  ruins  of  the  tower  of  St  Michael  stands.  Every- 
where around  these  hills  we  find  blocks  of  protogine  cover- 
ing polished  and  striated  rocks.  These  blocks  are  often  as 
it  were  suspended  on  the  sides  of  the  hill,  in  such  positions 
that  we  are  inevitably  led  to  the  conclusion  that  they  have 
been  transported  by  an  agent  whicli  has  deposited  them 
gently  and  without  shock  in  the  place  where  they  have  re- 
mained in  equilibrio,  whereas  an  impetuous  torrent  would 
have  hurried  them  along  and  precipitated  them  into  the 
bottom  of  the  valley. 

What  were  the  dimensions — the  puissance — of  the  glacier 
when  it  made  its  way  through  the  defile  of  the  Montees  I 
In  order  to  answer  this  interesting  question,  I  ascended  the 
two  banks  of  the  Arve  ;  on  the  right,  above  the  rocks  whoso 
precipitous  walls  ran  into  the  torrent,  I  found  polished  rocks 
and  erratic  blocks,  at  a  height  of  758  metres  above  the  bridge 
Pelissier.  On  the  left,  not  far  from  the  Col  de  la  Forclaz, 
the  blocks  rose  to  the  height  of  683  metres.  These  two 
points,  situate  opposite  each  other,  are  separated  by  a  hori- 
zontal distance  of  at  least  4  kilometres.  The  glacier  was 
therefore  a  league  broad  at  this  point,  and  its  medium  di- 
mensions were  720  metres  (2215  French  feet)  at  least ;  for, 
in  measurements  of  this  kind,  one  can  never  be  certain  that 
they  have  suspended  the  barometer  precisely  above  the  last 
polished  rock,  or  near  the  last  erratic  block.* 

Beyond  the  village  of  Servoz,  the  traces  of  the  glacier  of 
the  Arve  (it  is  by  this  name  we  shall  henceforth  distinguish 
it)  disappear  for  some  space.  We  pass  over  immense  eboule- 
ments  which  have  buried  the  moutonned  rocks  and  the  blocks 
of  the  moraine  under  a  thick  bed  of  debris.  One  of  these 
eboulements,  in  1751,  was  accompanied  with  such  a  terrible 
noise,  and  so  dark  a  cloud  of  dust,  that  the  authorities  of  the 


*  This  thickness  need  not  excite  surprise,  when  we  consider  that  that  of  the 
present  glacier  of  the  Aar  near  Absehwung  is  about  400  metres. 
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neighbouring  town   sent  a  courier   to  Turin  to  announce 
that  a  volcano  had  broken  out  among  the  Alps. 

On  the  left  bank  of  the  Arve,  the  marks  of  the  ancient 
glacier  have  not  been  concealed  as  on  the  right  bank.  If  wq 
follow  the  road  which  leads  from  the  village  of  Chede  to  the 
baths  of  St  Gervais,  we  agam  find  blocks  of  protogine  on  the 
sides  of  tlie  torrent,  at  the  outlet  of  the  narrow  gorge 
through  which  it  escapes  to  enter  the  valley  of  Sallenches. 
One  of  these  blocks  is  surmounted  by  a  pigeon-house,  which 
attracts  the  attention  of  travellers  from  a  distance. 

The  baths  of  St  Gervaise  are  situate  at  the  extremity  of 
the  valley  of  Montjoie,  which  runs  along  the  western  side 
of  Mont  Blanc,  and  cuts  that  of  the  Arve  almost  at  a  right 
angle.     The  torrent  Bonnaut,  which  forms  behind  the  baths 
ft  cascade  celebrated  among  tourists,  runs  in  the  bottom  of 
the  valley.     If  the  theory  of  the  ancient  extension  of  glaciers 
is  not  a  vain  hypothesis,  the  valley  of  Montjoie  ought,  like 
that  of  Chamonix,  to  send  forth  a  glacier,  and  at  its  point  of 
meeting  with  that  of  the  Arve,  we  ought  to  recognise  traces 
of  the  appearances  which  are  observed  in  existing  glaciers 
at  the  junction  of  two  affluents.     If  these  affluents  are  of 
equal  force,  they  unite  and  advance  in  a  parallel  direction 
side  by  side  ;  but,  if  they  are  of  unequal  size,  the  smaller  is 
forced  aside  by  the  larger,  and  forms  only  a  kind  of  wedge 
which   penetrates  more  or  less  into  the  principal  glacier. 
The  union  of  the  glaciers  of  Lauteraar  and  Finstcraar,  is 
an  example  of  a  confluence  of  the  former  kind  ;  the  small 
glaciers  of  Thierberg,  Silberberg,  and  Griinberg,  which  throw 
themselves  into  that  of  the  Aar,   shew  us  what  takes  place  , 
in  the  second  instance.     Compared  with  that  of  the  Arve, 
the  glacier  of  Bonnaut  was  but  a  weak   tributary  ;  however 
it  has  deposited  its  blocks  at  the  entry  of  the  valley  of  Mont- 
joie, where,  over  a  space  of  some  kilometres,  they  alone  cover 
the  sides  of  the  mountain  between   St  Gervais  and  Com- 
bloux  ;  but  at  the  same  time  the  glacier  of  Bonnaut,  driving 
back  the  lateral  moraine  of  the  glacier  of  the  Arve  to  the 
middle  of  the  valley,  has  forced  the  blocks  of  protogine  to 
recede  from  its  edge.     Accordingly,  when  the  glacier  of  the 
Arve  melted,  these  blocks,  instead  of  remaining  suspended 
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on  the  sides  of  the  valley  of  Sallenches,  were  deposited  in 
the  bottom,  and  we  now  find  them  lying  around  the  gorge 
occupied  by  the  baths  of  St  Gervaise.  We  can  even  notice 
before  the  bath-house  itself  inclined  beds  of  rolled  pebbles, 
mingled  with  angular  blocks,  certain  proofs  of  tlie  ancient 
existence  of  a  small  glacial  lake  like  that  of  Tacul,  which  is 
found  in  the  angle  formed  by  the  junction  of  the  glaciers  of 
Geant  and  Lechaud,  the  principal  affluents  of  the  Mer  de 
Glace  of  Chamonix. 

At  the  distance  of  a  few  kilometres,  the  erratic  blocks  de- 
posited by  the  glacier  of  Eonnaut  are  replaced  by  those  of 
the  lateral  moraine  of  the  glacier  of  the  Arve,  which  reap- 
pears on  the  sides  of  the  mountain,  and  prevails  without  in- 
terruption from  the  village  of  Combloux  to  the  small  town  of 
Sallenches.  It  is  to  the  learned  Bishop  of  Annecy,  M.  Ren- 
du, that  we  owe  the  discovery  of  this  moraine.  He  had  re- 
marked with  surprise,  that  the  continuity  of  the  cultivated 
fields,  which,  from  the  bottom  of  the  valley,  rise  to  a  great 
height,  was  interrupted  by  a  zone  of  forests.  Entering  within 
tlie  shade  of  these  dark  pines,  he  immediately  perceived  the 
cause  of  this  singularity.  In  this  zone,  the  ground  disap- 
peared under  an  accumulation  of  erratic  blocks,  piled  one 
above  another,  and  rising  to  the  height  of  the  trees.  Every- 
where masses  of  protogine  were  seen,  measuring  from  10  to 
20  metres  in  every  direction.  The  ridges  of  these  masses 
were  as  sharp,  and  the  angles  as  acute,  as  in  the  moment 
when  they  were  detached  from  the  peaks  of  Mont  Blanc. 
Not  only  have  the  trees  shot  forth  between  the  blocks,  but 
they  have  taken  possession  of  the  blocks  themselves,  and 
often  a  beautiful  tuft  of  pines  and  birch  vegetates,  like  a  sus- 
pended forest  on  a  foundation  of  granite.  The  traveller  has 
as  much  difficulty  in  forcing  a  passage  through  this  labyrinth, 
as  if  he  had  gone  astray  among  the  moraines  of  the  Mer  de 
Glace  at  Chamonix.  Wherever  the  rivulets  have  cut  up  the 
ground,  he  notices  this  mixture  of  sand,  pebbles,  and  angular 
blocks  heaped  confusedly,  which  characterizes  the  deposits 
made  by  glaciers.  It  is  only  at  the  depth  of  several  metres 
that  he  finds  the  schistose  strata  of  the  mountain.  The  most 
gigantic  blocks  of  the  moraine  of  Combloux  are  found  at  the 
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border  of  tho  wood  below  the  village  of  that  name ;  another, 
situate  near  the  hjimlet  of  Caches,  at  a  little  distance  from 
Sallenches,  is  celebrated  in  the  country  under  the  name  of 
Pierre  a  Mahert. 

The  great  accumulation  of  blocks  which  renders  the  mo- 
raine of  Combloux  one  of  the  most  remarkable  among  the 
Alps,  is  easily  explained,  if  we  considerthat  at  this  point  the 
buttress  of  the  valley  is  exactly  in  front  of  the  gorge  of 
Servoz,  by  which  the  glacier  of  the  Arve  issued  into  the 
plain  of  Sallenches.  This  moraine  was,  therefore,  at  the 
same  time  both  a  lateral  and  frontal  one,  like  that  of  the 
present  glacier  of  Lauteraar,  near  Baerenritz.  The  imagi- 
nation can  scarcely  compute  the  space  of  time  during  which 
the  glacier  deposited  in  this  place  the  blocks  severed  from 
the  Aiguilles,  which  surround  Mont  Blanc.  Some  have  pe- 
netrated, along  with  them,  the  glacier  of  Bonnaut,  in  the 
high  valley  of  Megeve,  which  opens  between  St  Gervais  and 
Combloux ;  but  they  have  not  surpassed  much  the  division 
of  the  waters  of  the  Arve  and  Isere.  The  valley  of  the  Me- 
geve not  terminating  in  a  cirque  crowned  with  high  moun- 
tains, it  will  be  understood,  that  it  does  not  give  rise  to  a 
glacier,  like  the  valley  of  Montjoie  ;  but,  as  it  opens  on  one 
side  into  the  valley  of  the  Arve,  and  on  the  other  into  that  of 
the  Isere,  it  is  probable  that  two  branches  of  glaciers  of  the 
same  name  met  at  the  place  where  the  burgh  of  Megeve  is 
now  situate  ;  for  beyond  that,  towards  the  Isere,  we  find  none 
of  those  blocks  of  protogine  which  characterize  the  glaciers 
of  Mont  Blanc. 

Continuing  to  descend  the  course  of  the  Arve,  we  enter 
the  valley  of  Maglan  ;  and  we  may  satisfy  ourselves  that  the 
moraine  of  Combloux  does  not  terminate  at  Sallenches.  In- 
numerable blocks  of  protogine  cover  all  the  declivities  above 
the  left  bank  of  the  river.  In  the  defile  of  Cluses,  many  of 
these  blocks  are  visible  from  the  great  road,  and  I  have  fol- 
lowed them  to  a  height  of  286  metres  ;  which  is  certainly 
not  the  extreme  limit  of  the  moraine.  These  erratic  blocks 
are  wholly  wanting  on  the  right  bank,  throughout  the  whole 
valley  of  Maglan.  Whence  arises  this  difference  %  Why  do 
wo  find  thousands  of  blocks  of  protogine  on  the  loft  bank  of 
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the  Ai've,  (vnd  not  one  on  the  right  I  From  Servoz  as  far  as 
St  Martin,  in  front  of  Sallenches,  we  may  believe  that  these 
blocka  are  buried  in  the  eboulements  of  the  mountain  of  Fis, 
and  the  Aiguille  of  Varens  ;  but  above  the  cascade  of  Nant 
d'Arpenaz  and  the  village  of  Maglan,  the  mountain  presents 
uncovered  terraces.  M.  Rendu  has  already  solved  this  diffi- 
culty. He  observes,  that,  at  the  height  of  Servoz,  a  power- 
ful glacier  coming  from  Buet,  must  have  debouched  on  that 
of  the  Arve,  by  the  Col  d'Anterne.  This  considerable  afflu- 
ent, moving  in  a  parallel  direction  to  the  glacier  of  the  Arve, 
and  forming  its  right  side,  carried  along  v/ith  it  no  blocks  of 
protogine ;  its  moraine  was  calcareous,  like  the  mountains 
which  overlook  it.  Now,  the  buttresses  of  the  valley  of 
Maglan  being  of  the  same  nature,  this  moraine  is  con^ 
founded  with  the  rocks  that  have  fallen  from  the  mountains. 
Nothing,  in  fact,  is  more  difficult  than  to  distinguish  erratic 
blocks,  when  they  have  the  same  aspect,  and  are  of  the  same 
mineralogical  composition,  as  the  rock  on  which  they  rest. 
On  the  other  hand,  these  fragments  of  limestone,  slate,  and 
sandstone,  have  not  resisted  the  influence  of  atmospheric 
agents  like  protogine,  and  have  been  in  a  great  measure  de- 
stroyed. 

We  perceive,  that  the  theory  of  the  ancient  extension  of 
glaciers  explain  very  well  the  separation  of  the  blocks  of  pro- 
togine, and  of  the  calcareous  moraine.  The  supposition  of  a 
diluvian  is  inadequate  to  resolve  this  difficulty.  How,  indeed, 
can  we  comprehend  how  an  impetuous  torrent,  which  would 
have  carried  along  with  it  in  confusion  fragments  of  limestone 
and  blocks  of  granite,  would  have  deposited  the  one  on  its 
left  bank,  and  the  other  on  its  right,  without  ever  mingling 
them  with  each  other  ?  This  supposition  is  inadmissible,  and 
proves  the  insufficiency  of  the  diluvian  hypothesis. 

The  long  lateral  moraine  which  extends  from  Cluzes  to 
Bonneville  forms  an  uninterrupted  zone  along  the  whole 
right  side  of  the  valley.  The  last  blocks  of  this  moraine  are 
often  640  metres  above  the  Arve ;  witness  those  observed  in 
the  neighbourhood  of  the  church  of  Mont  Saxonex,  whose 
elevated  position  and  picturesque  appearance  attracts  the 
eyes  of  the  traveller  from  afar.     The  whole  plain  comprised 
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between  Bonneville  and  the  mountain  Saleve,  is  strewed  with 
erratic  blocks.  These  blocks,  however,  are  wholly  wanting 
on  a  band  of  17  kilometres  in  length,  and  of  variable  breadth, 
which  extends  from  the  entry  of  the  valley  of  Bornaud  as  far 
as  Nangy,  a  village  situate  on  the  roa(J  from  Bonneville  to 
Geneva.  This  long  band,  known  under  the  name  of  Focailles, 
is  almost  wholly  uncultivated,  and  its  sterility  contrasts 
strongly  with  the  vigorous  vegetation  of  the  surrounding 
plain.  The  little  town  of  Roche,  the  villages  of  St  Laurent 
and  Cornier,  are  built  upon  the  Rocailles,  while  those  of  Pers, 
St  Romaine,  and  Nangy,  are  placed  on  its  edges.  By  pene- 
trating to  the  middle  of  these  rocks,  many  of  which  are  30  op 
40  metres  in  height,  near  the  imposing  ruins  of  the  Chateaux 
de  la  Roche,  Chatelet,  &c.,  and  the  towers  of  St  Laurent  and 
Bellecombe,  the  geologist  finds  himself  all  at  once  in  a  calca- 
reous country.  The  mineralogical  nature  of  the  rocks  which 
surround  him,  the  white  mud  which  covers  the  road,  all  con- 
firm this  idea.  The  botanist  immediately  recognizes  the 
plants  peculiar  to  limestone  mountains,  the  box,  cyclamen, 
and  {dompte-venin)  asclepias  vincetoxicum  ;  but  these  appear- 
ances are  deceitful ;  wherever  the  torrents  have  ploughed  up 
the  ground,  we  see  beds  of  mollase  on  which  calcareous  masses 
rest.  The  fossil  shells  which  they  contain  complete  the  de- 
monstration that  those  masses  are  not  in  their  place,  but  that 
they  have  been  formerly  separated  from  the  elevated  parts  of 
the  mountain  of  Bornaud,  and  transported  to  the  plain.  We  at 
last  come  to  the  conviction  that  the  Rocailles  are  a  great  cal- 
careous moraine,  issuing  from  the  valley  of  Bornaud,  at  the 
period  when  a  glacier  debouched  on  this  valley,  in  order  to 
unite  itself  to  that  of  the  Arve.  At  many  points,  we  may 
see  the  granitic  moraine  and  the  calcareous  one  touching 
each  other  \vithout  becoming  confounded  ;  at  the  entry,  for 
example,  of  the  town  of  Roclie  on  the  side  of  Bonneville,  and 
near  the  bridge  Bellecombe,  below  the  village  of  Nangy.  At 
a  kilometre  above  the  village,  all  travellers  remark  two 
precipitous  rocks  rising  near  the  road.  The  one  supports  a 
building,  the  Chateau  de  Pierre,  the  other  a  tuft  of  pines, 
having  a  most  picturesque  effect.  These  two  rocks  are  the 
last  blocks  of  the  calcareous  moraine  of  Bornaud,  pushed  for- 
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ward,  in  former  times,  by  the  glacier  as  far  as  the  right  bank 
of  the  Arve. 

Beyond  Nangy,  the  plain  comprised  between  the  southern 
flank  of  Voirons  and  the  eastern  declivity  of  the  Saleves 
mountains  is  strewed  with  blocks  of  protogine,  accumulated 
chiefly  on  the  plateau  of  Bornes,  situate  behind  these  moun- 
tains ;  but  it  is  on  the  eastern  side  of  the  two  Saleves  that 
we  must  look  for  the  terminal  moraine  of  the  glacier  of  the 
Arve.  Notwithstanding  an  active  clearing  which  has  been 
going  on  for  many  years,  the  rounded  shoulder  of  these  two 
mountains  is  everywhere  covered  with  these  blocks.  A  great 
number  of  them  have  penetrated  into  the  gorge  of  Monetier, 
others  have  remained  suspended  on  the  top  of  the  precipice 
which  looks  towards  Geneva,  or  have  been  precipitated  into 
the  plain  the  centre  of  which  is  occupied  by  that  town.  Near 
the  village  of  Mornex,  situate  on  the  eastern  slope  of  the 
smaller  Saleve,  we  likewise  find  polished  rocks,  and  consi- 
derable collections  of  sand,  gravel,  and  striated  pebbles. 
Thus  all  the  proofs  of  the  ancient  existence  of  a  glacier  are 
united  on  the  eastern  declivity  of  the  Saleves,  as  visible,  as 
indisputable,  as  in  the  valley  of  Chamonix,  the  cradle  of  the 
gigantic  glacier  whose  traces  we  have  followed.  For  it,  the 
Saleves  presented  no  insuperable  barrier;  it  passed  their 
summits,  turned  round  their  extremities,  and  threw  its  last 
blocks  on  Mount  Sion,  an  elevation  situated  on  the  south  of 
Geneva,  and  the  point  where  the  waters  are  divided,  and  flow 
to  Lake  Leman  or  to  that  of  Annecy.  Blocks  of  protogine 
occupy  the  most  elevated  parts  of  Mount  Sion,  and  the  last 
group  crowns  the  summit  of  U  hill  rising  above  the  village  of 
Vers,  near  the  road  from  Geneva  to  Chambery. 

On  two  sides  of  Mount  Sion,  the  geologist  finds  erratic 
blocks  of  a  very  varied  nature  ;  and,  recollecting  the  moun- 
tains where  these  rocks  form  considerable  masses,  he  be- 
comes convinced  that  he  is  at  the  point  where  three  great 
antediluvian  glaciers  met, — that  of  the  Rhone,  which  filled 
the  whole  of  the  Leman  basin  ;  that  of  the  Isere,  which  de- 
bouched by  the  lakes  of  Annecy  and  Bourget ;  and  that  of  the 
Arve,  which,  inserting  itself  between  them  like  a  sharp 
wedge,  came  to  its  termination  near  the  village  of  Vers.  The 
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humble  Mount  Sion  was,  as  is  said  by  M.  Arnold  Guyot,  to 
whom  we  owe  this  beautiful  discovery,  the  point  of  conver- 
gence for  these  powerful  glaciers  which  have  so  essentially 
modified  the  surface  of  the  plain  comprised  between  the 
Alps  and  the  Jura.  We  shall  not  follow  them  in  all  their 
windings,  for  all  of  them  present  us  with  particulars  analo- 
gous to  those  of  the  glacier  of  the  Arve.  Let  us  merely 
trace  the  great  features  of  the  limits  of  the  ancient  extension 
of  these  glaciers. 

The  glacier  of  the  Rhone  had  its  origin  in  all  the  lateral 
valleys  which  intersect  the  two  parallel  chains  of  the  Valais, 
where  the  most  elevated  mountains  in  Switzerland  are  found, 
Mont  Rosa,  Mont  Cervin,  the  Jungfrau,  Velan,  &c.  This 
glacier  filled  the  Valais,  and  spread  itself  in  the  plain  com- 
prised between  the  Alps  and  the  Jura,  from  Fort  FEcluse  as 
far  as  the  environs  of  Aarau.  It  was  the  principal  glacier 
of  Switzerland  ;  it  is  it  which  has  conveyed  the  innumerable 
blocks  which  cover  the  Jura  to  a  height  of  1040  metres  above 
the  sea.  The  other  glaciers  were  only  feeble  affluents  of  the 
glacier  of  the  Rhone,  incapable  of  making  it  deviate  from  its 
direction.  Thus,  when  the  glacier  of  the  Arve  met  it  on  the 
ridge  of  the  Saleves  or  on  the  sides  of  the  Yoirons,  we  per- 
ceive, by  the  disposition  of  the  moraines,  that  the  glacier  of 
the  Rhone  continued  its  progress,  while  that  of  the  Arve 
was  suddenly  arrested.  In  like  manner,  a  rapid  river  repels 
the  feeble  rivulet  which  brings  the  tribute  of  its  waters. 

Other  secondary  glaciers  occupied  the  principal  valleys  of 
Switzerland.  Such  were  the  glacier  of  the  Aar,  whose  last 
moraines  crown  the  hills  in  the  neighbourhood  of  Berne; 
that  of  the  Reuss,  which  has  cov-ered  the  shores  of  the  Lake 
of  the  Four  Cantons  with  blocks  severed  from  the  peaks  of  St 
Gothard.  That  of  De  la  Linth  stops  at  the  extremity  of  the 
Lake  of  Zurich,  and  the  town  is  built  upon  its  terminal  mo- 
raine. Finally,  that  of  the  Rhine,  less  studied  than  the 
others,  occupied  all  the  basin  of  the  Lake  of  Constance,  and 
extended  to  the  adjacent  parts  of  Germany. 

It  appears,  therefore,  that  during  the  period  of  cold  which 
preceded  the  appearance  of  man  upon  the  earth,  Switzerland 
was  a  vast  sea  of  ice,  one  of  whose  roots  were  buried  in 
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the  high  valleys  of  the  Alps,  while  the  terminal  escarpment 
rested  on  the  Jura.  In  like  manner,  on  the  southern  decli- 
vity of  the  chain,  the  glaciers  descended  into  the  plains  of 
Piedmont  and  Lombardy.  Those  of  the  southern  side  of  Mont 
Blanc  united  to  form  the  glacier  of  the  Val  d'Aoste.  Its  ter- 
minal moraine  rose  like'  a  gigantic  mound  in  the  neighbour- 
hood of  the  town  of  Yvree  ;  it  is  the  Serra  of  Piedmont.  The 
greater  part  of  the  lakes  of  Upper  Italy  owe  their  existence 
to  the  frontal  moraines  of  these  great  glaciers ;  by  obstruct- 
ing the  course  of  the  rivers,  they  have  forced  them  to  extend 
themselves  in  the  form  of  liquid  sheets.  Among  the  most 
evident  moraines,  I  may  mention  the  three  concentric  arcs 
which  bound  the  extremity  of  the  Lago  Maggiore,  near  Ses- 
to-Calende ;  those  of  the  Lake  Garda  are  not  less  distinctly 
characterised,  in  the  environs  of  Desenzano  and  Peschiera. 

6.  Of  the  Climate  of  the  Glacial  Epoch. 

When  the  imagination  conceives  all  the  countries  which 
surround  the  Alps  buried  under  the  ice  to  the  distance  of 
many  leagues,  it  trembles,  so  to  speak,  at  the  idea  of  the 
dreadful  cold  which  must  result  from  this  prodigious  de- 
velopment of  the  Alpine  glaciers.  It  would  seem  that  the 
climate  of  Siberia  presents  nothing  sufficiently  rigorous  to 
explain  the  permanent  existence  of  this  mantle  of  ice  extend- 
ed over  countries  which  now  enjoy  a  temperate  climate.  It 
is  easy  to  shew  that  these  notions  are  exaggerated. 

In  fact,  what  we  have  said  respecting  the  transformation 
of  snow  into  ice  by  repeated  meltings  and  congelations,  must 
lead  us  to  understand  that  there  could  not  be  glaciers  with  a 
climate  of  extreme  severity,  such  as  that  in  the  north  of  Si- 
beria. Spitzbergen,  which  realises  in  the  highest  degree  the 
conception  of  a  country  enveloped  in  glaciers,  since  they  de- 
scend in  all  directions  even  to  the  sea,  has  a  mean  tempera- 
ture of  8  centigrade  degrees  below  zero  ;  that  of  summer,  is 
2°*4  above  it.  Iceland,  where  the  glaciers  rest  on  the  shores 
of  the  sea,  but  never  pass  beyond  them,  like  those  of  Spitz- 
bergen, presents,  at  different  points,  a  mean  temperature  com- 
prised between  zero  and  +  4°.  We  could  form  an  idea,  by 
means  of  a  very  simple  calculation,  of  the  climate  which 
would  bring  the  glaciers  of  Mont  Blanc  to  the  margin  of  the 
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Lake  of  Geneva.  The  mean  temperature  of  that  toWn  is  9-°66. 
On  the  surrounding  mountains,  the  limit  of  perpetual  snow, 
as  we  have  seen,  is  found  to  be  2700  metres  above  the  sea. 
The  great  glaciers  of  the  valley  of  Chamonix  descend  to  1550 
metres  below  that  line.  This  settled,  suppose  that  the  mean 
temperature  of  Geneva  was  lowered  4  degrees  only,  and  be- 
came 5°*56 ;  the  decrease  of  the  temperature  with  the  height 
being  one  degree  for  188  metres,  the  limit  of  perpetual  snow 
would  descend  to  750  metres,  and  would  be  more  than  1955 
metres  above  the  sea.  It  will  be  readily  allowed  that  the 
glaciers  of  Chamonix  would  descend  below  this  new  limit  in 
a  proportion  at  least  equal  to  that  which  exists  between  the 
actual  limit  and  their  lower  extremity.  Now,  at  present  the 
foot  of  these  glaciers  is  at  1150  metres  above  the  ocean  ;  with 
a  climate  4  degrees  colder,  it  would  be  750  metres  lower,  that 
is  to  say,  it  would  come  to  the  level  of  the  Swiss  plain.  Thus, 
then,  the  lowering  of  the  line  of  eternal  snow  would  suffice 
to  make  the  glacier  of  the  Arve  descend  to  the  neighbour- 
hood of  Geneva.  But  we  must  not  forget  that  a  glacier  de- 
scends so  much  lower  in  proportion  to  the  extent  of  the  amphi- 
theatre from  which  it  proceeds  ;  now,  the  glaciers,  having,  as 
a  source  of  supply  all  the  valleys  and  all  the  gorges  elevated 
above  1950  metres,  would  descend,  from  that  cause  alone, 
much  lower  than  before.  Accordingly,  the  united  action  of 
these  two  causes,  the  lowering  of  the  line  of  eternal  snow, 
and  the  enlargement  of  the  amphitheatres,  causes,  each  of 
which,  taken  by  itself,  would  be  sufficient  to  explain  the  an- 
cient extension  of  glaciers,  enable  us  readily  to  comprehend 
how  that  of  the  Arve  could  formerly  advance  to  the  environs 
of  Geneva.  Let  it  not  be  forgotten,  that  this  extension  has 
been  the  work  of  a  long  series  of  ages,  the  number  of  which 
is,  so  to  speak,  declared  to  us  by  those  millions  of  blocks 
which  the  glacier  has  slowly  and  successively  carried  from 
the  foot  of  Mont  Blanc  to  the  margin  of  the  Leman  lake. 

The  climate  which  has  favoured  this  prodigious  develop- 
ment of  glaciers  has  nothing  of  which  we  cannot  form  a  very 
exact  idea ;  it  is  the  climate  of  Upsal,  Stockholm,  Christiania, 
and  the  northern  part  of  America  in  the  state  of  New  York. 
Geologists  who  do  not  hesitate  to  raise  the  mean  tempera- 
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ture  of  cold  or  temperate  zones  from  10  to  20  degrees  in  or- 
der io  explain  the  presence,  in  the  bowels  of  the  earth,  of 
tropical  ferns  or  the  animals  of  warm  countries,  would  with 
very  bad  grace,  in  my  opinion,  shew  alarm  at  this  alteration 
of  the  mean  annual  temperature,  although  the  proposed 
change  takes  place  in  an  opposite  sense,  and  the  thermome- 
ter descends  instead  of  ascends.  If  we  admit  that  the  climate 
of  one  portion  of  the  globe  may  have  undergone  change,  it  is 
as  legitimate  to  suppose  that  it  has  become  colder,  as  to  main- 
tain that  it  has  become  warmer ;  and  to  diminish  by  4  de- 
grees the  mean  temperature  of  a  country,  in  order  to  explain 
one  of  the  greatest  revolutions  of  the  globe,  is  assuredly  one 
of  the  least  hazardous  hypotheses  which  a  geologist  may  be 
permitted  to  form. 

To  discuss  the  causes  which  have  produced  this  sinking  of 
temperature, — to  indicate  the  geological  or  meteorological 
changes  which  have  brought  on  this  long  period  of  cold,  ap- 
pears to  me  an  attempt  altogether  premature.  It  would  be 
necessary,  before  every  thing  else,  to  draw  up  a  map  of  the 
extension  of  glaciers  ;  now,  this  can  scarcely  be  said  to  have 
been  attempted  even  for  the  Alps,  the  Vosges,  and  the  moun- 
tains of  Scotland.  Ancient  moraines  exist  in  the  Pyrenees, 
Altai,  Caucasus,  and  Atlas  ;  but  no  one  has  yet  examined  the 
topography  of  the  glaciers  which  have  carried  these  before 
them.  Sweden,  Norway,  Denmark,  Finland,  and  North  Ame- 
rica, were  covered  with  great  fields  of  ice.  What  of  a  posi- 
tive nature  can,  therefore,  be  said  respecting  a  phenomenon 
with  whose  extent  we  are  yet  unacquainted  %  Let  us  not 
imitate  our  predecessors,  whose  brilliant  imagination  rested 
the  boldest  generalisations  on  the  frail  basis  of  a  few  insu- 
lated and  incomplete  facts.  All  these  hasty  works  are  des- 
tined to  perish.  Science  has  revealed  to  us  a  new  epoch  in 
the  history  of  our  planet ;  a  vast  field  opens  before  natural 
philosophers,  astronomers,  and  naturalists.  Let  us  not  fear 
to  turn  a  searching  look  into  the  depths  of  this  remote  dis- 
tance, the  traces  of  which  have  been  preserved  by  the  sur- 
face of  the  earth,  but  let  us  reject  hypotheses  which  outstrip 
facts,  and  which  a  fact  the  most  trifling  in  appearance  over- 
turns without  mercy.     By  the  side  of  the  diluvian  period,  we 
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see  the  glacial  period  take  its  place ;  let  us  hail  the  appear- 
ance of  this  latter,  for  it  has  been  revealed  to  us  by  the  at- 
tentive study  of  well  observed  facts,  and  not  by  vain  specu- 
lations of  the  fancy.  Let  us  not  renew  the  idle  quarrelu  of 
the  Neptunians  and  Vulcanists  ;  impartial  posterity  has  de- 
cided between  them.  They  were  equally  wrong  as  impas- 
sioned partisans  of  an  exclusive  idea  ;  each  of  them  had  rea- 
son on  their  side  by  the  facts  and  observations  they  brought 
forward  in  support  of  their  absolute  theories.  All  existing 
geologists  are  at  once  Vulcanists  and  Neptunians  ;  science 
has  taken  the  part  of  water  and  fire.  It  will  be  the  same  with 
glaciers  and  currents.  Both  of  them  have  played  their  part 
in  times  past,  and  it  is  the  same  at  the  present  time.  The 
phenomena  have  remained  the  same  ;  but,  instead  of  those 
gigantic  manifestations,  which  is  the  character  of  the  geolo- 
gical epochs  anterior  to  our  own,  they  are  included  within 
the  limits  of  action  imposed  upon  them  by  the  equilibrium  of 
the  period  of  repose  which  the  appearance  of  man  has  intro- 
duced to  the  earth. — From  Bevue  de  Deux  Mondes,  t.  xvii. 
1st  March  1847. 


On  the  Colour  of  the  Ice  of  Glaciers,  and  that  of  the  Waters 
which  flow  from  them.    By  M.  Ch.  Martins. 

At  the  meeting  of  tho  15th  of  March  last,  the  Academy  received 
a  communication  from  M.  Darocher,  entitled  ^iMc?c5  surles  Glaciers 
du  Nord  et  du  centre  de  V Europe.  This  note  contains  some  asser- 
tions which  it  appears  to  me  of  importance  to  rectify.  The  author 
has  stated  (p.  144),  "  that  the  interposition  of  water  between  tho 
j>ores  and  fissures  of  granulated  ice  contributes  largely  to  develop  in 
them  that  beautiful  blue  colour  which  is  so  much  admired.'*  It  is 
long,  indeed,  since  M.  Agassiz  has  proved  that  blue  ice  contains  more 
water  than  white  ice  ;  but  the  blue  colour  appears  to  me  to  be  owing 
rather  to  the  absence  of  air  than  the  presence  of  water,  for  the  white 
ice  is  infiltrated  with  water  like  the  blue,  but  the  white  ice  is  wholly 
filled  with  spherical  bubbles  of  air.  In  the  blue  ice,  these  are  re- 
placed by  water  of  infiltration.  M.  Celestin  Nicollet  has  proved  this 
by  direct  measurement,  shewing  that  500  grammes  of  blue  ice  con- 
tain only  0-5  cubic  centimetres  of  air,  while  the  same  weight  of  white 
ice  contains  7*5  centimetre  cubes ;  accordingly,  when  wo  look  at  a 
fragment  of  ice  half  blue  and  white,  wo  see  that  the  white  part 
is  filled  Nvilh  bubbles  of  air,  while  the  blue  part  is  almost  wholly 
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without  them.  M.  Dollfus,  again,  has  shewn  that  the  specific  weight 
of  white  ice  is  871 ;  that  of  blue  ice  909 ;  that  of  water  being  1000 ; 
a  result  which  confirms  the  preceding. 

M.  Durocher  then  affirms,  "  that  the  waters  which  flow  from  fields 
of  snow  and  glaciers  have  a  very  decided  sky-blue  tint.  When,"  ho 
adds,  "  the  detritus  mingled  with  water  are  grey,  they  produce  no  other 
effect  than  to  make  the  blue  tint  paler,  and  make  it  pass  into  dull 
blue."  This  assertion  appears  to  me  to  be  very  rash,  particularly 
when  it  is  applied  equally  to  the  waters  furnished  by  melted  snow 
and  those  which  come  from  the  melting  of  glaciers.  The  former  are 
more  or  less  pure,  but  the  colour  varied,  without,  however,  presenting 
the  limpidity  of  that  of  springs.  Thus,  the  little  lake  of  Lioson,  in 
the  Canton  do  Vaud,  fed  by  the  snows  of  Tete~de-Moine,  is  of  the 
most  beautiful  azure.  The  Bachalp-See,  situate  2-275  metres  above 
the  sea,  which  receives  the  waters  flowinor  from  the  snows  of  the 
Faulhorn,  is  of  a  yellowish-green. 

Let  us  bestow  a  few  words  on  the  consideration  of  the  waters  which 
issue  from  glaciers.  They  are  always  charged  with  a  considerable 
portion  of  mud,  produced  by  the  pulverisation  of  the  fragments  of  rock 
which  the  glacier  grinds  down  in  its  ceaseless  progress.  Thus,  water 
taken  from  the  surface  of  the  Aar,  at  some  metres  from  the  glacier 
of  the  same  name,  contains,  according  to  the  experiments  of  M.  Doll- 
fus, 142  grammes  of  impalpable  powder  in  a  cubic  metre  of  water. 
It  is  the  same  with  the  torrents  which  issue  from  glaciers.  All  of 
them  roll  along  in  a  turbid,  grey,  milky,  or  dark  stream,  according 
to  the  nature  of  the  pulverised  rock.  Hence  the  vulgar  denomina- 
tions of  torrents,  derived  from  the  colour  of  their  waters.  The  black 
water,  which  throws  itself  into  the  Rhone,  near  Martigny,  in  the 
Valais,  comes  from  the  glaciers  of  Trient  and  Buet.  The  wJiite 
Lutschine  derives  its  origin  from  the  numerous  glaciers  which  occupy 
the  bottom  of  the  valley  of  Lauterbrunn  ;  and  the  black  Lutschine 
comes  from  those  of  the  valley  of  Grindelwald.  Can  it  be  true,  as 
M.  Durocher  states  (p.  445),  that  "  the  mud  of  glaciers  has  no  other 
effect  than  to  make  the  blue  tint  become  paler,  and  pass  into  a  muddy 
blue  ?"  The  Swiss  geologist  Ebel  expressed  the  same  idea  thirty 
years  ago  :  "  the  water  of  glaciers,"  he  says,*  "  is  of  a  whitish-blue, 
and  the  torrents  which  issue  from  them  preserve  this  colour  for  many 
leagues,  when  other  rivulets  do  not  alter  them  by  mixing  with  them." 
This,  we  perceive  is  the  same  opinion  which  M.  Durocher  has  repro- 
duced before  the  Academy.  Nevertheless,  I  believe  it  to  be  incor- 
rect. The  waters  which  flow  from  glaciers  have  never  appeared  to 
me  blue  ;  this  is  also  M.  Agassiz's  opinion,  when  he  says  (page  574 
of  his  work  on  existing  glaciers,  which  will  be  published  speedily), 
"  It  is  the  mud  which  gives  the  water  of  glaciers  the  milky  tint  which 
characterises  themy 


*  Manuel  au  Voyageur  en  Swisse.     3d  Ed.,  French  Trans.,  tome  ii.,  p.  521, 
Article  Glaciers. 
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In  order  to  throw  some  light  on  tho  question,  let  us  now  consider 
the  colour  of  the  water  of  glaciers  in  a  state  of  repose,  where  it  is 
accumulated  in  great  masses  in  the  lakes  of  Switzerland.  The  lake 
of  Geneva,  fed  principally  by  the  waters  of  the  Rhone,  which  come 
from  all  the  glaciers  of  the  Valais,  is,  it  is  true,  of  a  beautiful  azure 
blue  ;  but  the  lake  of  Brientz,  which  receives  the  waters  of  glaciers 
exclusively,  is  of  a  very  deep  pistachio-green.  This  tint  is  equally 
strikinfT,  when  we  view  it  from  the  summit  of  the  Faulhorn,  that  is  to 
fiay,  2120  metres  above  its  level,  or  only  from  a  few  metres  above  its 
surface.  M.  Bravais  and  myself  have  observed  that,  for  entire  weeks, 
this  tint  varies  only  very  little,  according  to  the  light.  The  circum- 
stance which  proves  decidedly  that  these  tints  are  independent  of  tho 
glacier  origin  of  the  tributaries  is,  that  the  lake  of  Thun,  receiving 
its  waters  from  the  lake  of  Brientz,  with  which  it  comnmnicates  across 
the  isthmus  of  Interlaken,  is  of  a  blue  colour,  sometimes  equalling  that 
of  the  lake  of  Geneva.  The  small  Gelmersee,  fed  by  the  glaciers  of 
tho  Geemerhorn,  is  pistachio-green,  like  the  lake  of  Brientz.  I  may 
mention,  besides,  the  lake  of  Kloenthal,  in  the  Canton  of  Glaris. 
"  One  can  scarcely  distinguish  it,"  says  M.  Baoul-Rochette,  in  his 
Lettres  sur  la  Swisse,  "from  the  meadow  surrounding  it;  for  its 
waters  are  of  the  same  colour  as  the  adjoining  grass."  This  lake  is 
fed  by  the  glaciers  of  Glaernisch  anduhe  melted  snow  of  Pragel. 
The  small  lake  near  the  hospice  of  Grimsel  is  of  a  sombre  tint ;  others 
are  more  or  less  blue ;  and  this  variability  of  hue  proves  that  the 
character  assigned  by  Ebel  and  Durocher  to  the  waters  of  glaciers  is 
subject  to  such  numerous  exceptions,  that  it  loses  all  scientific  value. 

In  order  to  finish  this  demonstration,  let  us  turn  our  attention  to 
the  colour  of  the  waters  of  glaciers  when  they  make  their  escape  in 
the  form  of  rivers,  from  the  lakes  in  which  they  have  deposited  the 
impurities  with  which  they  were  charged.  Nothing  can  equal  tho 
azure  of  the  waters  of  the  Bhone  when  they  issue  from  the  lake  of 
Geneva ;  they  form  a  striking  contrast  with  the  grey  and  muddy 
waves  of  the  Arve,  which  comes  directly  from  the  glaciers  of  Cha- 
monix.  The  only  example  cited  by  M.  Dnrocher  is  of  the  same  kind ; 
he  refers  to  the  Otta-Elv,  a  river  of  Guldbrandsdal,  a  valley  of 
Southern  Norway.  This  river  traverses  four  lakes  in  succession  be- 
fore receiving  the  tributary  of  Lougen-Elv.  It  is  not  therefore  sur- 
prising that  its  waters,  purified  in  passing  through  these  four  basins, 
contrast  in  their  blue  colours,  with  the  waters  of  the  Lougen-Elv ; 
this  is  exactly  the  case  of  the  Arve  and  Rhone  at  their  junction  below 
Geneva.  Both  of  them  come  from  glaciers ;  but  the  Rhone,  grey  like 
the  Arve  when  it  enters  the  lake  of  Geneva,  is  blue  when  it  leaves 
it,  because  it  is  freed  f\'om  its  impurities.  The  Arve  continues  turbid, 
because  it  passes  through  no  lake  in  its  course.  The  following  is 
the  last  fact  we  shall  mention,  as  affording  a  still  stronger  proof  that 
the  blue  colour  is  not  inherent  in  the  water  of  glaciers  :  At  tho  top 
of  the  valley  of  Kaudersteg  (ca^tpn  of  Berne),  1568  metres  above  the 
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sea,  is  the  small  lake  of  Oescliinen ;  it  is  fed  wholly  by  the  waters  which 
fall  in  numerous  cascades  from  the  glaciers  of  the  Doldenhorn.  This 
lake  is  of  a  deep  green.  Its  outlet  being  subterranean,  the  waters  pass 
through  the  ground  as  through  a  filter  ;  they  are  limpid,  transparent, 
shewing  no  trace  of  blue,  of  a  sombre  tint  in  deep  places,  and  remind 
the  spectator,  in  every  point  of  view,  of  the  pure  and  colourless  waters 
where  cresses  grow,  and  the  small  rivers  of  Normandy  inhabited  by 
trouts.  We  perceive  that,  in  this  case,  the  waters  furnished  solely 
by  glaciers,  and  after  a  very  short  transit,  do  not  exhibit  the  blue 
tint  either  in  a  state  of  repose  or  motion.* 


On  the  Colour  of  Water. 

**  I  have,"  says  Sir  H.  Davy,  *' often  thought  upon  the  subject,  and  I 
have  made  some  observations  and  one  experiment  in  relation  to  it.  I 
will  give  you  my  opinion  with'pleasure,  and,  as  far  as  I  know,  they  have 
not  been  brought  forward  in  any  of  the  works  on  the  properties  of  water, 
or  on  its  consideration  as  a  chemical  element.  The  purest  water  with 
which  we  are  acquainted,  is  undoubtedly  that  which  falls  from  the 
atmosphere.  Having  toucl^d  air  alone,  it  can  contain  nothing  but 
what  it  gains  from  the  atmosphere  ;  and  it  is  distilled  without  the 
chance  of  those  impurities,  which  may  exist  in  the  vessels  used  in  an 
artificial  operation.  We  cannot  well  examine  the  water  precipitated 
from  the  atmosphere,  as  rain,  without  collecting  it  in  vessels,  and  all 
artificial  contact  gives  more  or  less  of  contamination.  But  in  snow, 
melted  by  the  sunbeams,  that  has  fallen  on  glaciers,  themselves 
formed  from  frozen  snow,  water  may  be  regarded  as  in  its  greatest 
state  of  purity.  Congelation  expels  both  salts  and  air  from  water, 
whether  existing  below,  or  formed  in,  the  atmosphere ;  and  in  the 
high  and  uninhabited  regions  of  glaciers,  there  can  scarcely  be  any 
substances  to  contaminate.  Removed  from  animal  and  vegetable 
life,  they  are  even  above  the  mineral  kingdom  ;  and  though  there  are 
instances  in  which  the  rudest  kind  of  vegetation  (of  the  fungus  or 
mucor  kind)  is  even  found  upon  snows,  yet  this  is  a  rare  occurrence, 
and  red  snow,  which  is  occasioned  by  it,  is  an  extraordinary  and  not 
a  common  phenomenon  towards  the  pole,  and  on  the  highest  moun- 
tains of  the  globe.  Having  examined  the  water  from  melted  snows 
on  glaciers  in  different  parts  of  the  Alps,  and  having  always  found 
it  of  the  same  quality,  I  shall  consider  it  as  pure  water,  and  describe 
its  characters.  Its  colour,  when  it  has  any  depth,  or  when  a  mass 
of  it  is  seen  through,  is  bright  blue  ;  and  according  to  its  greater  or 
less  depth  of  substance,  it  has  more  or  less  of  this  colour.  As  its  in- 
sipidity and  its  other  physical  qualities  are  not  at  this  moment  objects 


*  Comptcs  Kendus;  No.  13,  p.  545. 
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of  your  inquiry,  I  shall  not  dwell  upon  tliem.  In  general,  in  examin- 
ino-  lakes  and  masses  of  water  in  high  mountains,  their  colour  is  of 
the  same  bright  azure ;  and  Captain  Parry  states,  that  the  water  on 
the  Polar  ice  has  the  like  beautiful  tint.  When  vegetables  grow  in 
lakes,  the  colour  becomes  nearer  sea-green  ;  and  as  the  quantity  of 
impregnation  from  their  decay  increases,  greener,  yellowish-green  ; 
and  at  length,  when  the  vegetable  extract  is  large  in  quantity,  as  in 
countries  where  peat  is  found,  yellow,  and  even  brown.  To  mention 
instances,  the  Lake  of  Geneva,  fed  from  sources  (particularly  the 
higher  Rhone)  formed  from  melting  snow,  is  blue,  and  the  Rhone 
pours  from  it  dyed  of  the  deepest  azure,  and  retains  partially  this 
colour  till  it  is  joined  by  the  Soane,  which  gives  to  it  a  greener  hue. 
The  lake  of  Morat,  on  the  contrary,  which  is  fed  from  a  lower  country, 
and  from  less  pure  sources,  is  grass-green.  And  there  is  an  illus- 
trative instance  in  some  small  lakes  fed  from  the  same  source,  in  the 
road  from  Inspruck  to  Stutgard,  which  I  observed  in  1815  (as  well 
as  I  recollect),  between  Nazareit  and  Rciti.  The  highest  lake  fed 
by  melted  snows  in  March,  when  I  saw  it,  was  bright  blue.  It  dis- 
charged itself  by  a  small  stream  into  another,  into  which  a  number 
of  large  pines  had  been  blown  by  a  winter  storm,  or  fallen  from  some 
other  cause  ;  in  this  lake  its  colour  was  blue-green.  In  a  third  lake, 
in  which  there  were  not  only  pines  and  their  branches,  but  likewise 
other  decaying  vegetable  matter,  it  had  a  tint  of  faded  grass-green, 
and  these  changes  had  occurred  in  a  space  not  much  more  than  a  mile 
in  length.  These  observations  I  made  in  1815.  On  returning  to 
the  same  spot  twelve  years  after,  in  August  and  September,  I  found 
the  character  of  the  lakes  entirely  changed.  The  fine  wood  washed 
into  the  second  lake  had  disappeared  ;  a  large  quantity  of  stones  and 
gravel,  washed  down  by  torrents,  or  detached  by  an  avalanche,  sup- 
plied their  place  ;  there  was  no  perceptible  difference  of  tint  in  the 
two  upper  lakes,  but  the  lower  one,  where  there  was  still  some  vege- 
table matter,  seemed  to  possess  a  greener  hue.  The  same  principle 
will  apply  to  the  Scotch  and  Irish  rivers,  which,  when  they  rise  or 
issue  from  pure  rocky  sources,  are  blue,  or  bluish-green  ;  and  when 
i'ed  from  peat-bogs  or  alluvial  countries,  yellow,  or  amber-coloured, 
or  brown,  even  after  they  have  deposited  a  part  of  their  impurities  in 
great  lakes.  Sometimes,  though  rarely,  mineral  impregnations  give 
colour  to  water,  small  streams  are  sometimes  green  or  yellow  from 
ferruginous  depositions.  Calcareous  matters  seldom  affect  their 
colour,  but  often  their  transparency  when  deposited,  as  is  the  case 
with  the  Velino  at  Terni,  and  the  Anio  at  Tivoli ;  but  I  doubt  if 
pure  saline  matters,  which  are  in  themselves  white,  ever  change  the 
tint  of  water. — {Salmonia^  by  Sir  Humphrey  Davy^  p.  198.) 
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John-Croio  Vulture,'^  {Turkey -buzzard,  Wilson;  Cathartes 
aura,  Vulture  aura,  Linn ;  Cathartes  aura,  Illiger.)  Ann. 
pi.  151.t 

The  history  of  this  species  has  been  so  ably  written  by 
Wilson  and  Audubon,  that  I  shall  do  little  more  than  touch 
on  one  or  two  disputed  points  in  its  economy.  An  excellent 
memoir  of  this  vulture,  communicated  to  me  by  my  valued 
friend,  Richard  Hill,  Esquire,  of  Spanish  Town,  affords  some 
interesting  particulars : — 

"  Notwithstanding  it  forms  so  common  a  feature  in  our 
landscapes,  being  seen  every  day  and  everywhere,  on  the 
mountain  as  well  as  on  the  plain,  in  the  city  as  w^ell  as  in 
the  country,  the  Aura  is  not  common  to  the  West  Indies. 
It  exists  in  Cuba  and  Trinidad,  but  is  unknown  in  Hayti, 
and  in  all  the  intermediate  islands  of  the  Caribbean  chain. 
We  are  no  doubt  indebted  for  it  to  an  accidental  colony, 
blown  over  to  us  from  Cuba,  and  Cuba  itself  owes  it  to  some 
stray  visitants  from  the  neighbouring  continent  of  Florida. 
Some  similar  fortuity  imparted  to  us,  in  common  with  Cuba, 
from  America,  its  naturalized  hive-bee,  which  is  said  to  have 
been  at  comparatively  a  late  period  an  introduction  into  St 
Domingo. 

"  Those  who  ascribe  the  power  which  the  vulture  possesses 
of  discerning  from  a  distance  its  carrion  food,  to  the  sense  of 
seeing  or  to  the  sense  of  smelling  exclusively,  appear  to  me 
to  be  both  in  error.  It  is  the  two  senses,  exerted  sometimes 
singly,  but  generally  unitedly,  which  give  the  facility  which 
it  possesses  of  tracing  its  appropriate  food  from  far  distances 
*  *  *  *  I  shall  relate  one  or  two  occurrences,  which  seem 
to  me  to  be  instances  in  which  the  sense  of  seeing  and  the 
sense  of  smelling  were,  sometimes  separately,  and  sometimes 
unitedly,  exerted  by  the  vulture  in  its  quest  for  food. 

"  A  poor  German  immigrant  wdio  lived  alone  in  a  detached 

*  Length  2o\  inches,  expanse  66,  tail  9^,  wing  from  flexure  20j,  rictus  2^^, 
arms  3,  middle  toe  2^^,  claw  ■{^. 

t  The  above  is  extracted  from  an  interesting  volume  on  "  The  Birds  of  Ja- 
maica," by  Philip  Ilenry  Gorse  and  Richard  Hill,  Esquires,  of  Spanish  Town, 
Jamaica,  just  published  by  Mr  Van  Voorst,  London. 
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cottage  in  this  town,  rose  from  his  bed  after  a  two  days 
confinement  by  fever,  to  purchase  in  the  market  some  fresh 
meat  for  a  little  soup.  Before  he  could  do  more  than  prepare 
the  several  ingi^edients  of  herbs  and  roots,  and  put  his  meat 
in  water  for  the  preparation  of  his  pottage,  the  paroxysm  of 
fever  had  returned,  and  he  laid  himself  on  his  bed  exhausted. 
Two  days  elapsed  in  this  state  of  helplessness  and  inanition, 
by  which  time  the  mass  of  meat  and  pot-herbs  had  putrefied. 
The  stench  becoming  very  perceptible  in  the  neighbourhood, 
vulture  after  vulture,  as  they  sailed  past,  were  observed 
always  to  descend  to  the  cottage  of  the  German,  and  to 
sweep  round,  as  if  they  had  tracked  some  putrid  carcase,  but 
failed  to  find  exactly  where  it  was.  This  led  the  neighbours 
to  apprehend  that  the  poor  man  lay  dead  in  his  cottage,  as 
no  one  had  seen  him  for  the  two  days  last  past.  His  door  was 
broken  open  :  he  was  found  in  a  state  of  helpless  feebleness, 
but  the  room  was  most  insufferably  offensive  from  something 
putrefying,  which  could  not  immediately  be  found,  for  the 
fever  having  deprived  the  German  of  his  wits,  he  had  no  re- 
collection of  his  uncooked  mess  of  meat  and  herbs.  No  one 
imagining  that  the  kitchen  pot  could  contain  anything  of- 
fensive, search  was  made  everywhere  but  in  the  right  place  ; 
at  last  the  pot-lid  was  lifted,  and  the  cause  of  the  unsup- 
portable  stench  discovered  in  the  corrupted  soup-meat. 

"  Here  we  have  the  sense  of  smelling  directing  the  vul- 
tures, without  any  assistance  from  the  sense  of  sight,  and 
discovering  unerringly  the  locality  of  the  putrid  animal  mat- 
ter, when  even  the  neighbours  were  at  fault  in  their  patient 
search. 

**  Some  few  days  succeeding  this  occurrence,  after  a  night 
and  morning  of  heavy  rain,  in  which  our  streets  had  been 
inundated  to  the  depth  of  a  foot,  and  flood  after  flood  had 
been  sweeping  to  the  river  the  drainage  of  the  whole  town, 
a  piece  of  recent  offal  had  been  brought  down  from  some  of 
the  yards  where  an  animal  had  been  slaughtered,  and  lodged 
in  the  street.  A  vulture  beating  about  in  search  of  food, 
dashed  in  a  slanting  direction  from  a  considerable  heiglit, 
and  just  resting,  without  closing  his  wings,  snatched  up  the 
fresh  piece  of  flesh,  and  carried  it  off. 
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"  Here  was  the  sense  of  sight,  unassisted  by  that  of  smell- 
ing, for  the  meat  was  too  recent  to  communicate  any  taint 
to  the  morning  air,  and  the  vulture  stooped  to  it  from  a  very 
far  distance. 

"On  another  occasion,  very  near  to  the  time  when  these 
facts  attracted  my  notice,  a  dead  rat  had  been  thrown  out, 
early  in  the  morning  into  the  street,  having  been  caught  in 
the  previous  night.  Two  vultures  sailing  over  head  in  quest 
of  a  morning  meal,  descended  at  the  same  time,  stooping  to 
the  dead  rat,  the  one  from  the  south  the  other  from  the 
north,  and  both  seized  the  object  of  attraction  at  the  same 
moment. 

"  Here,  again,  was  the  vision,  unaided  by  the  sensitiveness 
of  the  nostrils,  directing  tivo  birds,  with  the  same  appetite,  at 
the  same  moment,  to  the  same  object. 

"  For  the  next  example,  I  am  indebted  to  the  records  of  a 
police-court.  A  clerk  in  the  engineer  department  at  Up- 
park  Camp,  brought  before  the  magistrates  of  St  Andrews, 
on  the  20th  January  1840,  a  man  who  had  been  beset  in  the 
night  by  the  dogs  of  the  barracks.  The  poultry-yard  had  been 
repeatedly  robbed  ;  and  this  person  was  supposed  to  have 
been  prowling  after  the  roost-fowls  at  the  time  the  dogs  rose 
upon  him."  This  case  had  been  heard,  and  the  man  com- 
mitted to  the  House  of  Correction,  when  a  complaint  was 
presented  against  another  man,  whom  Major  G.,  also  of  the 
camp,  had  detected  under  similar  circumstances,  and  lodged 
in  the  guard-house.  Two  days  after  his  detection,  "the 
Major  observed  some  carrion-vultures  hovering  about  a  spot 
in  the  fields,  and  on  sending  to  see  what  was  the  matter,  a 
Kilmarnock  cap,  containing  a  dead  fowl  and  some  eggs,  tied 
up  in  a  pair  of  old  trousers,  was  found  very  near  to  the  spot 
where  the  prisoner  was  caught.  This  discovery  by  the  aid 
of  the  vultures  confirming  the  suspicion  against  the  prisoner, 
he  was  condemned. 

"  The  last  instance  that  I  shall  relate  is  one  in  which  the 
senses  of  hearing,  seeing,  and  smelling,  were  all  exercised, 
but  not  under  the  influence  of  the  usual  appetite  for  carrion 
food,  but  where  the  object  was  a  living,  though  wounded 
animal. 
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"  A  person  in  the  neighbourhood  of  the  town  having  his 
pastures  much  trespassed  on  by  vagrant  hogs,  resorted  to  his 
gun  to  rid  himself  of  the  annoyance.  A  pig  which  had  been 
mortally  wounded,  and  had  run  squeaking  and  trailing  his 
blood  through  the  grass,  had  not  gone  far  before  it  fell  in  the 
agonies  of  death  ;  at  the  moment  the  animal  was  perceived  to 
be  unable  to  rise,  three  vultures  at  the  same  instant  de- 
scended upon  it,  attracted  no  doubt  by  the  cries  of  the  dying 
pig,  and  by  the  scent  of  its  reeking  blood,  and  while  it  was 
yet  struggling  for  life,  began  to  tear  open  its  wounds  and  de- 
vour it. 

"  These  several  instances,  I  think,  abundantly  shew  that 
all  the  senses  are  put  in  requisition  by  the  John-Crow  vulture 
in  its  quest  for  food." 

From  the  facts  thus  presented  by  Mr  Hill,  we  gather  also, 
that  the  common  opinion  is  erroneous,  which  attributes  to  the 
vulture  a  confinement  of  appetite  to  flesh  in  a  state  of  decom- 
position. Flesh  is  his  food,  and  that  te  does  not  pounce 
upon  living  prey  like  the  falcons,  is  because  his  structure  is 
not  adapted  for  predatory  warfare,  and  not  because  he  refuses 
recent,  and  even  living  flesh,  when  in  his  power.  If  the  John- 
Crow  vulture  discovers  a  weakling  new-born  pig  apart  from 
the  rest,  he  will  descend,  and  seizing  it  with  his  beak  will 
endeavour  to  drag  it  away :  its  cries  of  course  bring  the 
mother,  but  before  she  can  come,  the  vulture  gives  it  a  severe 
nip  across  the  back,  which  soon  ensures  the  pig  for  his  own 
maw.  If  a  large  hog  be  lying  in  a  sick  condition  beneath  a 
tree,  the  vulture  will  not  hesitate  to  pick  out  its  eyes,  having 
first  muted  upon  the  body,  that  it  may  discover  whether  the 
animal  be  able  to  rise  ;  the  contact  of  the  hot  faeces  arous- 
ing the  hog  if  he  be  not  too  far  gone.  Cattle  also  he  will 
attack  under  similar  circumstances.  One  of  my  servants  once 
saw  a  living  dog  partly  devoured  by  one.  The  dogs  of  the 
negroes,  half-starved  at  home,  "  bony,  and  gaunt,  and  grim," 
if  they  discover  carrion,  will  gorge  themselves  until  they  can 
hardly  stir,  when  they  lie  down  and  sleep  with  death-like  in- 
tensity. A  large  dog  thus  gorged  was  sleeping  under  a  tree, 
when  a  John- Crow  descended  upon  him,  perhaps  attracted  by 
the  smell  of  the  carrion  which  the  dog  had  been  devouring. 
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and  began  tearing  the  muscles  of  the  thigh  ;  it  actually  laid 
open  a  considerable  space  before  the  poor  animal  was  aroused 
by  the  pain,  and  started  up  with  a  howl  of  agony.  The 
wound  was  dressed,  but  the  dog  soon  died. — The  Birds  of 
Jamaica^  by  Philip  Henry  Gorse,  p.  1. 


Series  of  Researches  on  the  Geology  of  that  part  of  the  Alps 
lying  between  the  Valais  and  Oisans.     By  M.  FOURNET. 

In  1841,  M.  Fournet  published  in  the  Annates  de  la  Societe 
d*  Agriculture  de  Lyon,  vol.  iv.,  two  memoirs  on  the  Geology  of 
that  part  of  the  Alps  comprised  between  the  Valais  and  Oisans. 
It  is  a  grand  and  interesting  subject  of  study  ;  but  M.  Four- 
net  had  scarcely  entered,  so  to  speak,  into  the  matter,  his  at- 
tention being  hitherto  directed  to  general  considerations. 
He  indicates  four  systems  of  elevation  (soulevement)  which 
have  crossed  each  oj:her  in  the  Alps  ;  1^^,  The  system  of  the 
Rhine  ;  2d^  System  of  Mont  Viso,  running  from  NW.,  to 
SE. ;  Zd,  System  of  Western  Alps,  lying  from  NNE.  to  SSW. ; 
4 /A,  System  of  the  Valais,  directed  from  ENE.  to  WSW. 
The  author  then  passed  to  a  description  of  the  rocks  of  plu- 
tonic  origin,  which  are  so  numerous  and  varied  in  the  Alps. 
He  divides  them  into  four  groups  ;  Isty  Micaceous  rocks ; 
2c/,  Serpentine-talc,  or  Magnesian  rocks ;  3c/,  Porphyritic 
rocks ;  4M,  Pyroxenic  rocks. 

In  this  description  of  the  rocks,  he  has  entered  upon  inte- 
resting researches.  We  would  mention  more  particularly 
those  on  the  origin  of  agates  (agathes)  and  zeolites,  which  he 
went  to  study  at  Oberstein  in  the  Palatinate,  in  order  to  un- 
derstand better  the  glandular  rocks  of  the  Alps. 

M.  Fournet  has  published  a  continuation  of  these  two  me- 
moirs. He  treats  of  a  higher  subject,  namely,  the  study  of 
the  modifications  produced  on  sedimentary  rocks  by  the  vi- 
cinity of  rocks  of  igneous  origin.  He  considers  not  only  the 
metamorphisms  which  have  taken  place  on  a  small  scale  ; 
but  also  the  modifications  undergone  by  the  whole  sediment- 
ary rocks  of  the  Alps.  For  a  long  time  the  necessity  has 
been  felt  of  treating  certain  branches  of  Geology  chemically, 
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particularly  the  metamorphism,  and  we  are  happy  to  find  a 
work  so  carefully  and  accurately  executed  in  this  respect  as 
that  of  M.  Fournet. 

De  Saussure  had  likewise  described  a  portion  of  the  section 
from  Martigny  to  St  Maurice,  and  he  did  it  with  his  usual 
admirable  precision.  He  particularly  attached  himself  to  the 
study  of  petrosilex.  But,  in  his  time,  the  theory  of  metamor- 
phism, at  least  such  as  it  is  now  understood,  had  not  been 
promulgated ;  consequently,  M.  Saussure' s  work  and  that  of 
M.  Fournet,  regard  the  subject  in  two  very  different  points 
of  view. 

The  valley  of  the  Rhone,  between  Martigny  and  St 
Maurice,  in  the  Valais,  intersects  the  prolongation  of  the 
axis  of  elevation  of  Mont  Brevent,  (valley  of  Chamonix)  ;  this 
axis  is  formed  of  rocks  of  crystallisation  ;  it  is  parallel  to  the 
axis  of  Mont  Blanc,  and  it  has  upraised  sedimentary  rocks  be- 
longing for  the  most  part  to  the  Jurassic  formation.  All 
these  rocks  have  been  traversed  by  a  great  number  of  veins 
which  are  the  principal  cause  of  the  metamorphic  effects. 
These  veins  appear  upon  the  escarpments,  sometimes  under 
the  form  of  transverse  bands,  sometimes  under  that  of  large 
lenticular  masses  parallel  to  the  stratification  ;  they  are  found 
in  all  the  rocks  placed  between  the  slates  of  La  Bathia  (near 
Martigny)  and  the  ravine  of  Saint  Barthelemy,  below  the 
Dent  du  Midi.  They  are  composed  of  quartz,  pure  felspars, 
or  associated  with  quartz,  or  rather  with  some  crystals  of  am- 
phibole  (?),  protogine,  and  rocks  allied  to  serpentine.  These 
rocks  are  frequently  ill  defined  and  confusedly  crystallised. 

The  rocks  which  are  thus  traversed  with  veins  are  the 
following,  going  in  the  direction  from  Martigny  to  St  Maurice, 
that  is  to  say,  from  the  superior  to  the  inferior. 

At  Bathia.  we  see  slates  slightly  micaceous,  with  small 
veins  of  calcareous  spar  and  milky  quartz,  thin  grey  slates 
passing  into  unctuous  slates,  crossed  by  veins  of  quartz  and 
a  felspar  rock.  These  latter,  by  their  contact,  determine  the 
formation  of  the  petrosilex  or  palaiopetres  of  Saussure. 

Further  down,  near  Trient,  are  various  kinds  Qi gneiss ,  as- 
sociated with  petrosilex,  or  even  mingled  with  them  ;  and 
amonffst  the  debris  we  find  saccharoidal  limestone  with  ido- 
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erases;  then  come  the  conglomerates  of  Valorsine,  with 
their  micaceous  paste  and  black  slates.  At  the  cascade  of 
Pissevache,  we  again  find  petrosiliceous  veins  ;  at  the  cas- 
cades of  Mieville,  we  perceive  felspar  and  micaceous  rocks. 
Finally,  from  Mieville  to  Evionnaz,  the  geological  chart  of 
France,  indicates  that  the  valley  intersects  the  axis  of  the 
chain  of  Brevent.  All  this  system  is  parallel  to  the  Western 
Alps. 

"  If  we  take  account,"  says  the  author,  "  of  the  result  of 
metamorphic  actions,  we  may  group  these  products  (these 
stratified  and  altered  formations,  in  the  following  manner  : — ■ 

"  1*^,  The  baking  of  schistose  clay  into  argillaceous  or 
clay  slates. 

"  2d,  The  conversion  of  ordinary  slates  into  hard  unc- 
tuous slates,  more  or  less  modified  in  their  colours. 

"  3^,  Complete  hardening  or  semi-fusion,  which  has  caused 
the  slates  to  pass  into  a  petrosiliceous  state. 

"  4M,  Crystallisation  into  chlorite  of  the  slaty  fragments 
embedded  in  the  veins  of  quartz. 

"  bth.  Transformation  of  the  clay  slates  into  green  slates, 
more  or  less  felspathic,  and  very  variable  in  the  grain. 

"  6M,  Change  of  the  same  rocks  into  felspathic  micaceous 
slates,  or  into  gneiss  more  or  less  porphyritic,  in  conse- 
quence of  an  imbibition  and  crystallisation  of  mica  and  fel- 
spar. 

"  1th,  Lastly,  crystallisation  of  black  limestones  into  white 
limestones,  saccharoidal,  or  saline,  with  or  without  idocrase." 

He  then  proceeds  to  examine  the  different  changes  which 
the  rocks  have  undergone.  It  then  becomes  indispensable 
to  inquire  into  the  nature  of  the  rocks.  Now,  two  kinds  here 
present  themselves  to  him  as  fundamental,  namely,  the  lime- 
stone and  clay  state.  M.  Fournet  first  takes  up  the  latter, 
the  metamorphism  of  which  appears  to  be  more  general, 
more  complicated,  than  that  of  the  limestone,  on  account  of 
its  variety  of  composition,  and  its  exfoliability, — a  circum- 
stance which  multiplies  the  points  of  contact.  What  is  the 
composition  of  clay-slate  \  What  is  its  constitution  I  Is  it 
itself  a  metamorphic  rock  %  These  are  some  of  the  problems 
discussed. 
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According  to  various  analyses,  this  rock  is  always  formed 
of  from  59  to  70  per  cent,  silica,  from  10  to  23  per  cent,  of 
alumina,  from  6  to  11  per  cent,  of  oxide  of  iron,  and  from  2 
to  6  per  cent,  of  water ;  frequently  other  bases  are  added  to 
this  composition.  "  It  will  be  observed  from  the  first,"  says 
M.  Fournet,  "  that  their  composition  (that  of  the  clay-slates) 
is  homogeneous  enough  to  entitle  us  to  expect  to  find  results 
sufficiently  agreeing  between  the  metamorphism  of  diiTerent 
localities,  and  thence  also  the  character  of  generality  which 
these  phenomena  present."" 

The  clay-slates  are  formed,  according  to  the  analyses,  of 
hydrosilicates,  combined  with  silicates  ;  and  M.  Fournet 
thinks  that  they  owe  their  origin  to  clays,  which  have  been 
converted  into  clay-slate  by  calorific  effects.  In  order  to 
prove  this,  he  brings  forward  different  modes  of  reasoning, 
one  of  the  most  remarkable  of  which  is  drawn  from  the  state 
of  the  colouring  matter  of  the  rocks  of  the  Alps. 

This  colouring  matter  is  commonly  bitumen,  which  is  found 
decomposed  into  nearly  pure  carbon.  Indeed,  it  appears, 
from  numerous  examples  that,  among  the  Alps,  at  the  con- 
tact of  the  eruptive  veins,  the  bitumen  has  been  often  con- 
verted into  graphite.  He  has  found  plates  of  it  in  the 
saccharoidal  limestone,  associated  with  the  idocrases  of  the 
Coupe  de  Martigny.  This  fact  had  already  been  announced 
by  M.  Elie  de  Beaumont,  in  his  work  on  the  Col  du  Char- 
donnet. 

But  beyond  the  point  of  immediate  contact,  to  a  distance 
of  a  mile  or  more  from  the  plutonic  masses,  there  may  be, 
in  certain  cases,  a  more  or  less  complete  conversion  of  the 
bitumen  into  anthracite ;  and  at  a  distance  of  several  miles, 
the  bitumen  is  not  decomposed.  These  distances,  it  will  be 
understood,  may  vary  according  to  the  conducting  power 
of  the  rocks,  the  power  of  the  eruptive  mass,  the  number 
of  veins,  and,  finally,  the  disposition  of  the  beds.  It  will 
be  observed,  moreover,  that  the  above  measures  have  been 
taken  horizontally,  so  that  they  give  merely  an  approxima- 
tion. However,  the  result  is  not  less  certain,  that  the  whole 
thickness  of  the  Jurassic  formation  of  the  interior  parts  of 
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the  Alps,  has  felt  the  influence  of  a  temperature  capable  of 
altering  the  bitumens. 

"We  shall  not  follow  our  author  in  his  examination  of  the 
properties  of  slates,  such  as  their  colour,  their  state  of  mole- 
cular aggregation,  &c.,  with  the  view  of  finding  in  them  the 
products  of  a  more  or  less  elevated  temperature.  "We  may 
merely  mention,  that  he  compares  two  analyses,  one  of  a  clay 
slate,  the  other  of  a  petrosilex ;  the  first  made  by  M.  Regnault, 
the  other  by  Saussure ;  and  that  he  has  found  them  very 
nearly  identical.  The  petrosilex  may,  therefore,  proceed 
from  the  slate ;  but  the  word  petrosilex  does  not  well  indi- 
cate the  rock  M.  Fournet  had  in  view,  and  he  proposes  to 
give  to  this  class  of  rocks  the  name  of  Thermantide^  a  deno- 
mination used  by  Haiiy  in  a  more  restricted  sense,  to  indi- 
cate rocks  altered  by  non-volcanic  fires. 

The  kaolinic  disorganisation  which  the  slates  are  liable  to 
undergo,  like  all  the  plutonic  rocks,  is  still  another  charac- 
ter which,  in  the  opinion  of  our  author,  has  been  left  upon 
them  by  the  heat  to  which  they  have  been  exposed. 

M.  Fournet  thinks  that,  in  certain  cases,  the  mica  is  a  sign 
of  metamorphism,  for  the  denomination  mica  does  not  apply  to 
a  definite  body  ;  it  expresses  an  equivocal  physiognomy,  and  not 
settled  features ;  and  this  body  must  be  formed  at  the  expense 
of  the  clay-slate,  and  by  associating  the  latter  with  the  sub- 
stances brought  by  the  veins. 

It  is  nearly  the  same  with  the  talcs  and  chlorites  which, 
in  the  Alps,  form  complex  and  confused  rocks  by  associating 
with  other  minerals,  as  well  in  respect  to  their  composition 
as  in  reference  to  their  situation  and  origin. 

On  this  occasion,  the  author  reverts  to  some  considerations 
long  previously  established  by  him,  relative  to  some  termino- 
logical errors  which  have  been  introduced  in  reference  to  the 
crystalline  slates  of  the  Alps.  They  are  almost  always 
spoken  of  as  talc  schists,  a  name  which  would  lead  us  to  be- 
lieve in  the  great  superabundance  of  magnesia,  while  in  this 
locality  they  are  nothing  else  than  what  they  are  everywhere 
else,  rocks  essentially  aluminous. 

With  regard  to  the  modification  of  the  limestone ;  its 
change  into  saccharoidal  marble  by  the  action  of  a  high  tern- 
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perature,  is,  no  doubt,  most  remarkable.  The  author,  how- 
ever, does  not  stop  here  ;  because  this  transformation  has 
been  for  a  long  time  demonstrated  geologically  and  chemi- 
cally; but  he  considers  the  formation  of  garnets,  and  ido- 
crases,  which  are  developed  in  the  same  circumstances  as 
the  saccharoidal  limestone.  In  truth,  according  to  the  nu- 
merous indications  given  by  M.  Fournet,  almost  everywhere 
this  limestone  is  accompanied  with  idocrase,  and  the  forma- 
tion at  Martigny  is  only  one  proof  more  of  the  law  to  which 
the  formation  of  this  latter  mineral  is  subject. 

We  know  that  M.  Mitscherlich  has  obtained  garnet  arti- 
ficially, and  that  idocrase,  as  well  as  another  crystallization 
of  the  same  kind,  has  been  found  by  MM.  Hausmann  and 
Bertheir,  in  sm  el  ting-houses.  The  garnet  and  idocrase  are 
nothing  else,  according  to  many  mineralogists,  than  the  same 
substance  appearing  under  two  different  forms.  However 
this  may  be,  there  is  no  ground  for  separating  these  two 
species,  in  respect  to  their  formation.  It  is  evident  that  they 
are  formed  when  there  are  siliceous  rocks  in  presence  of 
calcareous  rocks,  in  suitable  circumstances  of  temperature 
and  pressure. 

These  considerations,  according  to  M.  Fournet,  are  of  in- 
terest in  regard  to  [the  study  of  metalliferous  deposits,  by 
establishing  the  influence  of  matalliferous  veins  on  their  walls, 
a  study  which  is  of  the  highest  importance  with  respect  to 
its  practical  and  industrial  bearings.* 


^ome  Bemarks  on  the  High  Temperature  in  the  United  Mines, 
By  Robert  Were  Fox.t 

The  temperature  of  some  of  the  deeper  parts  of  the  United 
Mines  has  long  been  observed  to  be  remarkably  high  ;  and  it 
has  greatly  increased  with  the  increasing  depth  of  the  ex- 
cavations. 


*  Biblioth.  Univers.  de  Genev.  Supplement,  No.  6,  p.  203. 

t  Read,  3d  Septembei*  1846,  to  the  Royal  Cornwall  Polytechnic  Society. 


100  Mr  R.  W.  Fox  on  the  High  Temperature 

Captain  Youren,  one  of  the  agents  of  the  mine,*  informs 
me,  that  near  the  eastern  extremity  of  the  deepest  level,  on 
the  "  middle  lodeT  there  is  a  spring  or  jet  of  water,  dis- 
charging about  94  gallons  a  minute,  at  the  temperature  of 
1065°  Fahrenheit.!  This  level  is  about  250  fathoms  below 
the  surface,  and  about  200  fathoms  under  the  level  of  the 
sea.  The  "  lode'"*  has  an  underlie  or  dip  of  about  2^-  feet  in 
a  fathom  towards  the  north,  and  the  water  flows  from  its 
northern  or  upper  nail;  whilst  from  the  opposite  side,  or 
southern  wall  of  the  lode,  at  the  distance  of  only  3|^  feet, 
there  is  another  spring,  discharging  30  gallons  of  water  in  a 
minute,  at  the  temperature  of  97f  °  Fahr.  The  air  near  both 
these  springs  was  found  to  be  at  104|°  Fahr. :  and  "  ^^7W 
is  the  only  rock  which  has  been  seen  within  30  fathoms  of 
them.  Granite  occurs  at  a  considerable  distance  westward 
of  the  place ;  and  two  "  elvan  courses''  traverse  the  mine  in 
nearly  the  same  east  and  west  direction  as  the  lode. 

I  have  found  that  J  of  a  pint  of  the  water  from  the  warmer 
spring  contained  15  grains  of  saline  matter,  consisting  of 
muriate  of  lime  and  common  salt,  in  about  equal  proportions, 
with  a  trace  of  sulphuric  acid,  probably  combined  with  lime. 
In  the  same  quantity  of  the  cooler  water,  only  lOi^  grains  of 
muriate  of  lime  and  common  salt  were  found,  the  latter  in 
less  proportion  than  the  former ;  and  in  this  water  also  there 
was  a  slight  trace  of  sulphuric  acid.  In  both  instances,  the 
water  was  clear,  saline  to  the  taste,  and  without  any  metallic 
salt. 

It  may,  I  think,  be  inferred  from  the  saline  contents  of 
these  springs,  that  they  have  a  common  origin  or  source ; 
whilst  their  high  temperatures  indicate  their  having  come 
from  a  considerable  depth,  and  the  quantity  of  water  they 
discharge,  that  the  lode,  or  rocks  beneath,  must  be  very  per- 


*  This  mine  (for  it  is  one  concern)  continues  to  produce  abundance  of  cop- 
per ore.  It  is  situated  in  the  parish  of  Gwennap,  about  8  miles  to  the  north- 
ward, or  almost  NNW.  of  Falmouth,  and  is  several  miles  from  the  sea. 

t  The  thermometer  employed  has  been  carefully  compared  with  a  standard 
one,  and  found  to  be  ^  of  a  degree  too  high;  so  that  this  small  amount  must  bo 
deducted  from  the  results,  making  them  lOG-OS",  975°,  and  104  ,  respectively. 
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vious  to  it.  Ill  these  instances,  at  least,  there  are  no  grounds 
for  supposing  that  any  chemical  decomposition  of  the  sulphur 
ores  in  the  lode  has  caused  the  high  temperature  of  the  wa- 
ter, or  contributed  to  it  in  any  degree,  seeing  that  it  contains 
no  metallic,  and  scarcely  any  sulphate  salt. 

The  difference  in  the  heat  of  the  two  springs  may  perhaps, 
in  part,  be  attributed  to  the  tendency  of  the  warmer  currents 
to  rise  towards  the  upper  wall  of  the  lode ;  and  still  more  to 
that  of  water  at  a  much  lower  temperature  passing  from  su- 
perior strata  down  upon  the  inclined  surface  of  the  lower 
wall,  where,  mixing  with  the  water  rising  from  below,  the 
temperature  becomes  modified,  as  well  as  the  proportion  of 
the  saline  contents. 

It  cannot  be  doubted  that  ascending  and  descending  cur- 
rents of  water,  more  or  less  copious,  and  at  different  degrees 
of  temperature,  abound  in  the  veins  and  fissures  of  the  earth, 
and  often  at  the  junctions  of  different  rocks,  and  that  they 
must  have  a  great  influence  in  modifying  the  subterranean 
temperature,  and  in  different  degrees  in  different  places. 

Common  salt  is  of  rare  occurrence  in  our  mines  ;  its  pre- 
sence in  the  water  in  question  cannot  well  be  attributed  to 
the  flowing  of  sea-water  into  the  excavation,  in  consequence 
of  its  local  or  direct  pressure  ;  for  if  some  miles  of  distance 
from  the  coasts  did  not  render  this  highly  improbable,  the 
considerable  streams  at  very  high  temperatures,  and  very  con- 
stant too  (as  appears  from  observations  made  at  different 
times),  are  facts  not  consistent  with  such  an  explanation.  If 
the  subterranean  jets  of  water  were  caused  by  the  inroads  of 
a  neighbouring  sea,  we  should  expect  to  find  them  at  compa- 
ratively low  temperatures,  aud  these  diminishing  in  propor- 
tion to  the  duration  and  amount  of  the  influx. 

The  salt  may,  however,  have  been  derived  from  the  ocean, 
in  consequence  of  the  latter  penetrating  into  the  earth  at  its 
greater  depths,  or  even  at  its  lesser  ones,  which,  under  dif- 
ferent given  circumstances,  it  may  be  supposed  to  do.  In 
either  case,  the  salt  water  would,  from  its  superior  specific 
gravity,  have  a  tendency  to  descend  through  the  heated  and 
less  saline  water  in  the  veins,  fissures,  &c.,  where  i\\Q  fluids 
becoming  gradually  more  or  less  mixed  and  extended  in  dif- 
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ferent  directions,  might  ultimately  appear  in  some  of  our 
mines,  brought  up,  perhaps,  in  the  largest  proportions,  by 
the  upward  tendency  of  the  more  heated  currents  of  water. 
■^-The  Fourteenth  Annual  Feport  of  the  Hoyal  Cornwall  Fo- 
lytechnic  Society,  1847. 


On  the  High  Temperature  of  the  Water  at  the  United  Mines, 
By  Captain  "W.  Francis. 

Whitehall,  2d  September  1846. 

Dear  Sir, — In  fulfilment  of  my  promise  to  you  yesterday, 
I  now  give  you  some  facts  which  have  come  under  my  notice 
relative  to  the  temperature  of  water  in  our  mines,  especially 
in  reference  to  the  great  difference  in  the  heat  of  water 
issuing  from  different  parts  of  the  same  level ;  remarkable 
instances  of  which  are  now  observed  in  the  United  Mines. 

The  United  Mines  on  the  south  are  traversed  from  west 
to  east  throughout  their  whole  extent  by  two  large  elvan 
courses,  which  are  of  considerable  thickness,  and  whose 
direction  is  almost  parallel  with  the  principal  lodes.  At 
the  surface,  the  distance  from  the  south  lode  to  the  first 
elvan  course  is  about  200  fathoms,  and  to  the  second  about 
230  fathoms.  By  the  dip  or  underlie,  northward,  of  the 
elvan  courses  being  so  much  faster  than  that  of  the  lodes, 
the  former  intersect  and  pass  through  the  latter  at  depths 
which  vary  in  different  parts  of  the  mines  ;  but  the  155  fa- 
thom level  may  be  taken  as  the  average  depth  at  which  the 
south  lode  passes  through  the  first  elvan  course ;  the  middle 
lode  passes  through  it  at  the  170  fathom  level ;  and  the 
north  lode  at  the  194  fathom  level ;  whilst  the  second  elvan 
course,  as  yet,  has  only  been  seen  at  the  220  fathom  level, 
where  the  south  lode  is  in  it,  and  the  other  two  lodes  can 
only  be  intersected  by  it  at  a  greater  depth.  These  elvan 
courses  are  distinctly  traceable  for  several  miles,  and  are  so 
jointed  and  open,  especially  near  the  surface,  as  to  become 
ready  conductors  of  large  quantities  of  water ;  and  to  this 
circumstance  is  to  be  mainly  attributed  the  unusual  quan- 
tity of  water  which  we  have  to  contend  .with  in  these  mines, 
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The  quantity  lifted  being,  in  the  dry  season,  about  1400  gal- 
lons per  minute,  and,  in  the  rainy  season,  about  2400  gallons. 
The  greatest  difference  in  the  temperature  of  the  water  is 
when  we  have  most  to  lift,  and  the  mean  temperature  of  the 
whole  is  then  at  the  lowest.  In  every  instance  the  water 
issuing  from  the  south  side  of  the  level  is  colder  than  that 
from  the  north  side,  and  the  water  from  the  south  lode  is 
colder  than  that  from  the  middle  and  north  lodes.  The  elvan 
courses,  as  I  have  before  said,  are,  at  all  seasons  of  the  year, 
the  channels  through  which  a  considerable  portion  of  the  wa- 
ter is  conveyed  into  the  mines,  and  I  believe  nearly  all  the 
additional  water  in  the  wet  season  is  brought  in  by  them. 
This  water  finds  its  way  into  the  mines  rapidly,  and  without 
having  passed  through  the  lodes  to  the  same  extent  as  that 
portion  of  the  water  which  is  always  flowing,  and  which  may 
be  considered  as  the  permanent  source  of  supply  to  the  en- 
gines. 

My  remarks  in  reference  to  the  manner  in  which  the  el- 
van courses  intersect  the  lodes,  will  at  once  shew  you  how 
any  water  passing  through  them  will,  in  every  instance, 
make  its  appearance  on  the  south  side  of  the  levels,  and  that 
the  south  lode  will  drain  a  larger  portion  of  the  water  thus 
brought  into  the  mines  than  either  of  the  others ;  hence  it  is 
clear  that  the  temperature  of  the  water  depends  on  the  time 
which  it  requires  to  pass  from  its  source  to  the  different 
parts  of  the  mines,  and  also  to  the  medium  by  which  it  is 
conveyed.  Several  circumstances  exist  to  shew  that  what  I 
have  termed  the  permanent  supply  of  water  to  the  engines, 
must  be  derived  from  sources  at  a  considerable  distance  from 
the  mines,  and  that  its  course  through  the  lodes  is  at  a  depth 
from  the  surface  little  short  of  that  at  which  it  comes  into  the 
shafts,  and  which  varies  from  200  to  260  fathoms. 

I  am  aware  that  it  may  be  urged  that,  in  other  mines, 
when  a  difference  in  the  temperature  of  the  water  is  ob- 
served, the  same  causes  to  produce  it  do  not  exist  as  I  have 
described  in  the  United  Mines ;  but,  notwithstanding  such 
mines  may  not  have  large  elvan  courses  running  through 
them,  it  will  be  found  that  other  means  of  letting  down  wa- 
ter freely  do  exist,  such  as  large  cross- courses,  changes  of 
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strata,  &c. ;  and  the  water  so  discharged  into  the  mines  will 
be  found  to  be  of  lower  temperature  than  the  usual  coming 
stream. 

Having  endeavoured  to  account  for  the  difference  in  the 
temperature  of  the  water,  I  should  be  glad  were  I  able  to 
advance  some  facts  illustrative  of  the  source  of  heat  itself; 
but  although  I  have  watched  narrowly  the  various  circum- 
stances under  which  the  highest  temperatures  have  been  ob- 
served, I  am  still  in  some  doubt  as  to  the  causes  by  which 
they  are  produced. 

It  is  a  commonly  received  notion  that  the  highest  degrees 
of  temperature  are  indications  of  large  bodies  of  ores  being 
contiguous,  if  not  actually  open  to  sight ;  but  at  the  United 
Mines,  and  in  others  also,  the  lodes  in  those  levels  where  the 
heat  is  greatest,  are  almost  without  ores,  and  both  the  lodes 
the  rock  about  them  are  hard  and  very  compact.  At  the 
same  time  I  admit,  that  such  lodes  have  been  found,  some- 
where, to  contain  large  quantities  of  copper  ore  ;  but  my  ob- 
ject in  making  the  preceding  remark  is  rather  to  shew  that 
the  presence  of  great  heat  is  not  to  be  considered  an  infal- 
lible indication  of  large  masses  of  ores  being  near  at  hand. 

It  should  also  be  observed,  that  those  lodes  which  yield 
the  most  copper  ores  generally  hold  considerable  quantities  of 
other  minerals,  such  as  iron-pyrites,  arsenic,  &c. ;  and  it  be- 
comes a  question,  whether  these  may  not  account  for  much, 
if  not  the  whole,  of  the  heat  in  the  mines. 

That  most  of  the  lodes,  and  especially  those  which  have 
yielded  large  quantities  of  copper  ores,  have,  at  some  period, 
been  under  the  influence  of  great  heat,  there  can  be  no  doubt, 
and  to  such  an  extent  as  to  fuse  their  contents  ;  and  I  see  no 
reason  for  believing  otherwise  than  that  intense  heat  still 
exists  in  them  at  a  distance  from  where  they  have  been  pene- 
trated: but  it  should  be  remembered  that  the  symptoms 
indicating  the  action  of  heat  are  not  so  frequent  or  strong  in 
the  deepest  parts  of  those  mines  which  have  been  worked  to 
the  greatest  depths,  as  they  are  at  higher  levels,  and  espe- 
cially near  the  surface,  where  gosson,  at  the  depth  of  a  few 
fathoms,  or  even  a  few  feet,  usually  exhibit  this  fact  in  the 
clearest  manner.     I  have  had  numerous  opportunities  of 
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witnessing  the  fact  just  named  in  the  deep  mines  in  the 
Gwennap  district,  and  in  almost  every  case  the  lodes  at  the 
lowest  points  are  composed  of  hard  compact  quartz,  almost 
free  from  the  presence  of  minerals,  and  yet  the  water  issuing 
from  those  parts  is  of  the  highest  temperature,  which  cer- 
tainly strengthens  the  opinion  that  the  source  of  heat  is  from 
a  still  greater  depth ;  and  its  effects  not  being  so  evident  in 
those  places  may  be  accounted  for  by  the  absence  of  those 
substances  in  the  lodes  on  which  the  action  of  heat  would 
manifest  itself.  But  whilst  it  is  admitted  that  the  tempera- 
ture increases  with  the  depth,  it  should  be  observed,  that  it 
is  not  found  to  be  the  same  at  the  same  depth,  even  in  parts 
of  the  same  mine  which  are  only  a  few  fathoms'  distance  from 
each  other.  In  different  mines  in  the  same  locality,  and  in 
precisely  similar  formations,  the  result  is  often  very  differ- 
ent. As  instances  of  this,  I  will  refer  to  the  Consolidated 
Mines,  which  adjoin  the  United  Mines,  and  the  lodes  in  each 
bear  the  same  direction,  and  run  parallel  to  each  other.  The 
former  have  been  worked  to  the  depth  of  316  fathoms  from 
the  surface,  whereas  the  latter  have  only  been  worked  260 
fathoms,  or  56  fathoms  less  than  the  first.  The  highest  tem- 
perature in  the  Consolidated  Mines  has  been  98°  Fahrenheit, 
whilst  in  the  United  Mines  it  is  106°.  Again  at  Tresavean, 
the  depth  of  which  is  320  fathoms  from  the  surface,  the  high- 
est temperature  yet  observed  is  about  95°.  It  should,  how- 
ever, be  noticed,  that  the  deepest  part  of  Tresavean  is  in 
granite  formation,  and  that  the  Consolidated  and  United 
Mines  are  in  slate. 

These  circumstances  go  to  shew  that  there  must  be  other 
causes  producing  heat,  apart  from  the  mere  depth  of  the 
mines  ;  and,  without  being  prepared  with  conclusive  evidence 
as  to  its  origin,  or  the  source  from  whence  it  proceeds,  1  can- 
not help  remarking  that  the  degree  of  heat  is  very  much  in- 
creased by  its  passing  through  immense  bodies  of  mineralized 
matter  powerfully  acted  on  by  galvanic  agency. 

I  feel  that  I  have  now  carried  these  hasty  remarks  as  ftir 
as  it  is  safe  to  go,  without  entering  upon  ground  which  it 
would  be  dangerous  for  me  to  venture  on  ;  and  I  will  bring 
them  to  a  close,  by  expressing  a  hope  that  they  may  serve. 
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in  some  measure,  to  elucidate  a  subject  which  has  engaged  a 
share  of  your  valuable  attention,  and  which  must  be  one  of 
much  interest  to  all  parties  concerned  with  our  mines. — I  re- 
main, &c.  &c.  William  Francis. — The  Fourteenth  Annual 
Beport  of  the  Iloyal  Cornwall  Polytechnic  Society ^  1846. 


Storms  in  the  Southern  Hemisphere. 

A  paragraph  has  lately  appeared  in  many  of  the  English 
and  American  newspapers,  stating,  that  a  vessel  called  the 
Charles  Heddle,  had  scudded  in  circles  during  a  storm  for 
several  days.  A  description  of  this  storm,  with  a  chart  of  its 
track,  shewing  also  the  manner  in  which  the  Charles  Heddle 
scudded  in  it,  has  now  been  published  by  Mr  Piddington  of 
Calcutta,  in  his  Thirteenth  Memoir  of  the  Law  of  Storms  in 
the  Indian  and  China  seas. 

The  Charles  Heddle  is  a  brig  belonging  to  the  island  of 
Mauritius,  commanded  by  Captain  Finck,  an  able  seaman. 
The  brig  had  been  originally  built  as  a  slaver,  and  is  a  very 
fast  sailer. 

A  copy  of  the  log-book  of  the  Charles  Heddle,  which  was 
in  French,  was  sent  by  the  master-attendant  at  Mauritius, 
Captain  Royer,  to  Mr  Piddington  at  Calcutta  ;  and  Mr  Pid- 
dington having  procured  the  log-books  of  several  other  ves- 
sels which  encountered  the  same  storm,  has  been  enabled  to 
draw  up  a  very  instructive  memoir. 

The  Charles  Heddle  sailed  on  the  21st  February  1845, 
from  the  Mauritius,  on  a  course  nearly  due  north.  Soon 
afterwards  the  weather  became  thick  all  round.  At  night 
the  sea  and  wind  gradually  increased,  and  the  vessel  began 
to  labour  greatly.  At  9^'  30'^  P.M.,  the  wind  being  at  the 
time  SE.,  and  having  begun  to  blow  very  hard,  the  mainyard 
went  in  two  in  the  slings.  The  mizen  and  jib  were  taken  in, 
and  the  vessel  put  before  the  wind,  scudding  under  her  fore- 
sail, fore-top- sail,  and  fore-top-mast  stay-sail,  until  daylight. 
Then  were  struck  the  main-top-sail  yard,  and  the  top-gallant 
yard.     At  noon  the  fore- sail  was  close  reefed,  and  the  brig 
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scudded  to  the  NNW.,  before  the  wind  at  SSE.  She  was 
now  within  the  compass  of  a  whirlwind,  which  revolved  like 

the  hands  of  a  watch,  thus,  '  A  being  in  the  Southern  Hemi- 
sphere, in  latitude  16'  42"  south,  and  longitude  57'  45"  east. 
Scudding  round  in  this  whirlwind,  the  wind  from  SSE.  be- 
came south,  and  continued  to  the  brig  constantly  veering  as 
she  sailed  round  and  round.  Thus,  in  the  log-book  it  is  next 
recorded,  that  she  scudded  north,  thenHo  NNE.,  next,  NE. ; 
her  course  changing  to  ENE.,  to  east,  to  ESE.,  to  SE.,  to 
SSE.,  and  then  to  south,  when  the  wind  in  the  log-book  is 
marked  at  north.  The  log-book  goes  on  to  shew,  that  the 
Charles  Heddle's  course  was  changed  from  south  to  SW.,  to 
WSW.,  to  west,  to  WNWo  to  NW.,  and  to  NNW.,  the  wind 
throughout  being  marked  in  the  opposite  quarter,  as  she  was 
scudding  before  it,  at  twelve  knots  an  hour.  Thus  she  com- 
pleted her  first  entire  revolution  round  the  vortex  of  the  storm. 
By  this  time  she  was  reduced  to  bare  poles,  for  her  sails  had 
blown  away.  Scudding  under  bare  poles,  she  continued  chang- 
ing her  course  from  NNW.,  to  north,  to  NNE.,  to  NE.,  to 
ENE.,  and  round  again  through  all  the  points  of  the  compass, 
to  NNW. ;  being  marked  nearly  throughout  as  running  at 
the  rate  of  eleven  knots,  and  the  wind  always  recorded  as 
being  exactly  in  the  opposite  point  to  the  course  she  was 
scudding.  In  marking  this  second  circuit,  it  is  stated  in  the 
column  of  remarks,  that  she  broached-to  several  times. 

In  this  manner  did  the  Charles  Heddle  make  five  complete 
circuits,  wanting  only  four  points  of  the  compass  round  the 
vortex  of  a  storm,  by  steering  always  before  the  wind.  Scud- 
ding before  the  wind,  the  brig  was  prevented  from  getting 
out  of  the  whirlwind  as  she  would  have  done  had  she  been 
steered  either  towards  the  east,  the  north,  or  the  south-east. 

Allusion  is  made  to  this  hurricane,  and  to  circuit-sailing  in 
storms,  in  papers  recently  published  by  Mr  Redfield  in  the 
American  Journal  of  Science.     He  says  : — 

"  In  the  slow  progression  found  in  storms  of  the  eastern 
seas,  as  already  noticed,  not  only  a  complete  circuit  of  revolu- 
tion, but  more  than  one  circuit  might  sometimes  be  made,  in 
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a  gale  by  the  same  vessel,  in  sailing  round  ilie  axis  of  the 
storm  ;  thus  adding  another  practical  demonstration  of  its 
revolving  character.  One  such  case  of  complete  circuit-sail- 
ing I  have  referred  to  in  1836.  Mr  Thorn,  in  his  account  of 
the  llodriguez  storm  of  April  1843,  has  shewn,  that  the  Robin 
Gray  ran  once  and  a  half  times  round  the  axis  of  the  storm 


from  left  to  right,  (  )  (this  being  in  the  Southern  Hemi- 
sphere), till,  being  thrown  on  her  beam  ends,  she  was  pre- 
vented from  continuing  her  circuit.  In  the  same  storm,  the 
Ar^o  made  part  of  her  second  circuit,  scudding  round  in  the 
gale  in  the  same  direction.  In  like  manner  the  Margaret 
made  a  circuit  and  a  quarter  round  the  axis,  chiefly  in  the 
heart  of  the  gale.  Several  vessels,  after  once  falling  out  of 
this  hurricane,  pursued  their  course,  again  overtook  it,  and 
plunged  into  the  heart  of  the  storm,  where  they  suffered  most 
serious  disasters.  It  appears  probable,  and  indeed  certain, 
that  nearly  all  the  great  loss  and  damage  sustained  in 
this  hurricane  might  well  have  been  avoided  by  a  knowledge 
of  the  laws  of  rotation  and  progression  in  these  storms. 

*'  But  the  most  striking  case  of  circular  sailing  in  a  storm, 
is  that  of  the  Charles  Heddle  in  a  hurricane  near  Mauritius, 
in  February  1845,  \\'hich  has  been  furnished  me  by  Mr  Pid- 
dington.  This  was  a  clipper-built  vessel,  once  a  slaver,  and 
was  bound  from  Mauritius  to  Muscat.  It  appears  from  the 
log,  that  in  her  course  round  and  round  in  the  gale,  the  wind 
veered  five  complete  revolutions  in  117  hours,  with  an  average 
run  of  eleven  and  seven-tenths  knots  per  hour ;  the  whole 
distance  thus  sailed  being  1373  miles,  while  the  progression 
of  the  hurricane  at  this  period  ivas  less  than  four  miles  an 
hour.  The  average  distance  from  the  gale's  axis  is  estimated 
at  about  45  miles.  During  this  time  the  vessel  made  a  good 
course  SW.  f  west,  354  miles  only ;  nearly  on  the  usual 
course  pursued  by  the  hurricanes  near  Mauritius. 

"  These  are  results  obtained  by  IMr  Piddidgton,  who  has  al- 
ready published  his  twelfth  memoir,  and  who  informs  me  that 
lie  is  preparing  an  other  on  this  hurricane  of  the  Charles  Heddle. 
In  his  eleventh  memoir  he  has  given  us  an  account  of  t\\  o 
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storms,  which  were  nearly  contiguous,  but  on  opposite  aides  of 

the  equator,  and  revolving  in  counter  directions  \      \    {      f 

each  according  to  the  laws  of  rotation  and  progression  of  its 
own  polar  hemisphere." 

Some  idea  may  be  formed  of  the  figure  described  in  one  of 
Mr  Piddington's  charts,  of  the  circuits  sailed  over  by  the 
Charles  Heddle,  by  taking  one  end  of  a  coil  of  rope,  and  open- 
ing it  out  upon  a  deck  or  floor,  in  such  a  manner  as  to  form 
with  the  rope  five  distinct  loops.  This  will  also  shew  the 
direction  in  which  the  brig  scudded,  as  ropes  are  coiled  from 
left  to  right. 

Mr  Piddington  is  of  opinion,  that  storms  do  not  always  di- 
late in  their  progress,  but,  on  the  contrary,  that  they  some- 
times contract ;  and  that  when  they  contract,  the  squalls  of 
wind  partake  of  an  involute  direction,  drawing  ships  which 
scud  nearer  and  nearer  to  the  voHex.  Such  an  action  as  this 
may,  he  thinks,  have  drawn  the  Briton  and  Runnymede 
transports  towards  the  same  point  in  their  storm  in  the  Bay 
of  Bengal. 

These  two  transports  coming  from  different  points,  the  one 
from  England,  and  the  other  from  Australia,  encountering 
the  same  storm,  both  became  involved  in  the  vortex,  and 
were  cast  on  one  of  the  Andamen  Islands,  within  a  few  yards 
of  the  same  spot,  and  at  the  same  time. — Bermuda  Royal 
Gazette,  Sept.  15,  1846. 

On  the  Erratic  Phenomena  of  Scandinavia^  in  reference  to  M. 
Durochefs  Memoir  on  that  subject.    By  M,  Ch.  Martins. 

When  M.  Durocher  published  his  first  memoir  on  the 
erratic  formation  of  Scandinavia,*  I  had  the  honour  of  point- 
ing out  to  the  Society  how  readily  the  facts  observed  by  this 
traveller  admit  of  explanation,  by  supposing  the  ancient  ex- 
tension of  the  glaciers  of  Sweden  and  Norway. t  It  is  the 
same  with  the  present,  in  which  the  author  is  obliged  to  con- 
fine himself  to  the  relation  of  what  he  has  seen,  without  at- 

*  Bulletin  de  la  Soci6te  G6ologique,  2d  Series,  t.  iil,,  p.  45, 
t  Ibid.,  p.  102. 
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tempting  to  explain  the  greater  part  of  the  geological  phe- 
nomena, which  he  mentions  in  connection  with  the  hypothesis 
of  diluvian  currents. 

Directioti  of  the  Strife. 

M.  Durocher's  new  Memoir  commences  with  an  account 
of  the  direction  of  the  striae  in  tlie  south  of  Scandinavia.  He 
gives  a  map  of  these  directions,  in  which  he  fills  up  some 
blanks  left  by  MM.  Seftsroem,*]3oethling,t  Siljeatroem,!  and 
Keilhau.§  But  these  gaps  are  so  few  in  number,  that  by 
uniting  the  three  charts  to  which  we  refer,  it  will  be  easy  to 
construct  that  of  M.  Durocher. 

The  general  result  of  the  author's  new  researches  is,  that 
the  direction  of  the  strioe  are  not  parallel,  neither  in  the  dif- 
ferent provinces  of  the  peninsula,  nor  in  any  limited  locality  ; 
but  that  they  often  form  more  or  less  open  angles  with  each 
other,  both  in  the  same  country,  and  in  very  remote  pro- 
vinces. MM.  Siljestroem  and  Keilhau  had  previously  ar- 
rived at  the  same  result,  without  endeavouring  to  seek  for 
an  explanation  of  it.  This  M.  Durocher  has  attempted,  but, 
perplexed  with  the  multiplicity  of  these  directions,  he  is  com- 
pelled to  refer  them  to  numerous  systems,  or  to  different 
groups.  Thus,  for  example,  he  found  that  in  the  neighbour- 
hood of  Christiania  and  Lake  Mioesen,  the  greater  part  of 
the  striae  have  a  ceiH:ain  orientation.    Around  Areskutan,  380 


*  Untersuchung  iiber  die  auf  den  Felsen  Scandinaviens  in  bestiramter  Kich- 
tung  vorhandenen  Furchen. —  Annales  cle  Physique  de  Poggendorf,  t.  xliii ,  p.  533. 
1838.  With  a  map  of  the  direction  of  those  striaj  throughout  the  whole  of 
Southern  Sweden,  from  56th  to  61st  degree  of  latitude. 

f  Ueber  die  diluvial  Schraramen  in  Finnland. — Ann.  de  Physique  de  Poggen- 
dorfff  t.  Hi.,  p.  641.  1841.  With  a  map  of  the  orientation  of  the  striae  in  Fin- 
land. 

%  Voyages  in  Scandinavie  de  la  Commission  du  Nord. — Oeographie  Physique, 
t.  i.,  p.  193.  With  a  map  of  the  whole  of  Scandinavia,  and  the  mean  direction 
of  the  striae  in  Norway,  drawn  by  M.  Bravais,  according  to  the  indications  of 
the  author. 

§  Reise  fra  Christiania  til  den  Oestlige  Deel  af  Christiansands  stift  i  som- 
meren,  1840. — Nouveau  Mag asin  pour  les  Sciences  Naturelles  de  Christiania,  t.  iii., 
p.  169.  1841-42.  With  a  map,  shewing  the  orientation  of  the  strife  in  the 
western  part  of  the  Gulf  of  Christiania. 
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kilometres  to  the  north,  ho  again  found  others  nearly  paral- 
lel to  the  first ;  and  without  having  visited  the  intermediate 
region,  or  taking  into  account  the  striae  which,  in  these 
countries,  form  considerable  angles  with  those  he  had  chosen, 
lie  concluded  that  one  and  the  same  grooving  system  (such 
is  the  kind  of  expression  he  employs),  extended  from  63d  to 
59th  degree  of  latitude,  and  proceeded  from  the  north  to  the 
south  of  Norway.  The  author  gives  a  similar  account  of  the 
strife  which  present  a  similar  orientation  at  Gefle,  on  the 
shores  of  the  Gulf  of  Bothnia,  and  in  the  neighbourhood  of 
Gothenburg,  a  town  situate  on  the  North  Sea.  This  mode 
of  proceeding  appears  to  me  altogether  arbitrary  ;  for  we 
might  quite  as  easily  form  other  groups  completely  different 
from  the  first,  and  which  rested  on  as  slender  grounds. 
Why,  for  example,  should  we  not  consider  as  forming  part  of 
the  same  system,  the  striae  running  from  NNW.  to  SSE.,  in 
the  vicinity  of  Areskutan,  in  Norway,  and  those  which  cover 
Finland,  inclining  in  the  same  direction  \  In  order  to  justify 
the  establishment  of  these  different  groups,  it  would  be  ne- 
cessary to  prove,  first,  that  the  stria)  running  in  the  same 
direction,  are  the  effect  of  a  uniform  and  uninterruped  agent, 
such  as  a  current  or  other  mass  capable  of  leaving  marks  of 
its  passage  ;  now,  this  M.  Durocher  has  not  done.  Neither 
does  he  allow  himself  to  be  arrested  by  the  directions  of 
striae  which  intersect  these  different  groups  at  angles  more 
or  less  open.  Thus,  the  prolongation  of  the  great  system 
running  from  NNW.  to  SSE.,  from  lake  Oestersund  to  lake 
Maelar,  near  Stockholm,  that  is  to  say,  from  63d  to  59th  de- 
gree of  latitude,  is  at  a  right  angle  with  the  direction  of  the 
striue  of  the  island  of  Gottland.  The  strioe  running  from  the 
N.  to  S.,  in  the  south  of  Sweden,  are  intersected,  under  an 
angle  of  45°,  by  those  in  the  neighbourhood  of  Cimbrishamn. 
M.  Durocher,  besides,  leaves  out  of  his  ten  systems  of  ero- 
sions, all  the  striae  whose  direction  does  not  conveniently 
agree  with  them ;  those,  for  example,  which  radiate  round 
the  Suletimten  group  of  mountains,  in  the  lower  part  of  the 
Sognefiord  ;  those  in  the  neighbourhood  of  Sneehsetten,  Ekes- 
joe,  Wexioe,  Carlskrona,  Cimbrishamn,  the  island  of  Gott- 
land, &c.,  and  notwithstanding  all  these  liberties,  the  author 
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concludes  without  saying  a  single  word  on  the  force  of  facts 
which  demonstrate  that  it  is  not  water  which  has  grooved 
the  striae  of  which  he  speaks ;  for  it  would  be  necessary  to 
admit  ten  currents,  perfectly  rectilinear,  simultaneously  or 
successively  directed  towards  the  four  cardinal  points,  with- 
out deviating  from  a  straight  line  ;  a  supposition  inadmis- 
sible and  contrary  to  all  that  we  know  of  the  laws  which  re- 
gulate the  courses  of  water,  whatever  may  be  their  force  or 
volume. 

The  extension  in  ancient  times  of  the  Scandinavian  gla- 
ciers, easily  explains  the  varied  directions  of  the  striae  in  the 
different  regions  of  the  peninsula.  Their  very  parallelism 
would  be  an  objection  against  the  glacial  hypothesis,  admit- 
ting of  no  reply.  Let  us,  in  the  first  place,  examine  this  phe- 
nomenon in  Switzerland,  where  it  has  been  studied  with  the 
greatest  care,  and  by  individuals  possessing  the  most  pro- 
found knowledge  of  the  progress  and  effects  of  glaciers  now 
existing.  In  Switzerland,  as  in  Sweden,  the  strise  assume 
the  most  varied  directions ;  it  is  easy  to  account  for  this. 
The  plain  which  separates  the  Alps  and  the  Jura,  was  for- 
merly filled  with  glaciers,  which  descended  by  the  principal 
basons  of  rivers,  whose  source  is  in  the  Alps ;  the  Arve, 
Rhone,  Aar,  Reuss,  Limmat,  and  Rhine.  But  each  of  these 
glaciers,  carrying  along  with  it  the  rocks  which  characterise 
it,  had  a  different  direction.  Thus,  while  the  glacier  of  the 
Rhone  formed  striae  in  the  Valais,  between  Sion  and  Mar- 
tigny,  running  from  ENE.  to  WSW.,  the  ancient  glacier  of 
the  Rhine  passed  over  the  moutonneed  rocks,  which  bear  the 
ruins  of  Baerenburg,  near  Andeer  in  the  Grisons,  in  the  di- 
rection from  SW.  to  NE. ;  and  the  glacier  of  Val-Montjoie 
grooved  the  polished  rocks  in  the  neighbourhood  of  Nant- 
Bourant,  at  the  foot  of  Col  du  Bonliomme,  in  the  direction 
from  SSE.  to  NNW.  Nay,  more  ;  the  direction  of  the  striae 
engraved  by  a  glacier  is  not  the  same  at  different  parts  of  its 
progress.  In  the  environs  of  St  Maurice,  for  example,  the 
glacier  of  the  Rhone  has  left  striae  on  the  limestone,  running 
from  SE.  to  NW.,  while  above  Vevay,  the  gompholite  is 
striated  nearly  in  the  direction  from  E.  to  W.  At  the  mouth 
of  the  valley  of  Chamonix,  in  front  of  the  village  of  Ouches, 
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the  glacier  of  the  Arve  has  formed  striae  running  from  ESE. 
to  WNW. ;  while,  on  issuing  from  the  valley,  we  find,  above 
tlie  gorge  of  Montets,  furrows  many  metres  in  length,  the 
direction  of  which  is  from  SSE.  to  NNW.  Besides  these 
facts,  the  striae  traced  by  the  tributary  of  a  glacier  often  cut 
the  strifTB  engraved  by  the  principal  glacier  under  very  wide 
angles.  Thus,  the  glacier  of  Argentiere,  which  descended  by 
the  Col  de  Salvent  into  that  of  the  Rhone,  has  left,  as  the 
marks  of  its  passage,  striae  almost  perpendicular  to  those  of 
the  latter.  The  furrows  of  the  valley  of  Urbach  cut  those  of 
the  valley  of  Hasli,  &c.  &c. 

I  could  multiply  these  examples,  but  I  prefer  to  derive 
some  instances  from  existing  glaciers,  in  order  to  avoid  the 
objection  of  some  of  the  opponents  of  the  ancient  extension 
of  the  Swiss  glaciers,  who  deny,  notwithstanding  the  identity 
of  the  facts,  the  glacial  origin  of  the  striae  found  in  the  plain  be- 
tween the  Alps  and  the  Jura.  Let  us  conceive,  for  an  instant, 
that  the  glacier  of  the  Aar,  or  the  Mer  de  Glace  of  Chamonix 
had  disappeared.  We  would  find  in  the  valley  they  occupied, 
longitudinal  striie  traced  by  the  principal  glacier,  and  trans- 
verse striae  formed  by  the  tributary  glaciers  which  cut  the 
first  under  angles  more  or  less  acute.  We  would  observe 
ascending  stria3  at  the  contraction  of  the  valleys,  and  strise 
crossing  each  other  at  the  point  where  the  two  glaciers  met ; 
in  a  word,  all  that  exists  on  a  large  scale  in  the  Swiss  plain 
and  in  Scandinavia.  The  phenomena  and  the  explanation 
would  be  the  same,  only  they  would  apply  to  a  greater  sur- 
fiice  of  country. 

Accordingly,  in  the  plains  of  Switzerland,  as  in  those  of 
Scandinavia,  the  striae  are  found  running  in  various  direc- 
tions ;  but  in  Sweden,  as  in  Helvetia,  these  striae  are  identi- 
cal in  every  respect  with  those  engraven  by  existing  glaciers ; 
and  I  do  not  think  that  we  can,  consistently  ^yitll  good  logic, 
ascribe  to  one  agent  effects  identical  with  those  whicli  an 
agent  totrlly  different  produces  every  day  under  our  own  eyes. 

In  order  to  complete  the  proof  that  M.  Durocher's  system 
is  arbitrary  and  fruitful  in  erroneous  consequences,  let  us 
apply  it  for  an  instant  to  Switzerland.  We  find  on  the 
southern  shores  of  the  lake  of  Brienz,  strice  nmning  from  NE. 
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to  S\V.  In  the  Valais,  there  are  strias  nearly  in  the  same 
direction,  such  as  we  again  encounter  in  the  valley  of  Cha- 
monix,  between  Prieure  and  the  village  of  Ouches.  Accord- 
ing to  M.  Durocher's  principles,  all  these  stricc  having  the 
same  orientation  are  united,  and  form  a  system  of  erosion, 
which,  commencing  in  the  Oberland,  passes  above  the  high 
chain  of  the  Bernese  Alps,  crosses  the  Col  de  Balme,  and  ex- 
tends to  the  foot  of  Mont  Blanc ;  while,  in  reality,  these 
striae  belong  to  three  different  glaciers ;  that  of  the  Aar,  that 
of  the  Rhone,  and  that  of  the  Arve,  which  had  nothing  in 
common  with  each  other,  excepting  that  their  directions  were 
parallel  at  one  point  of  their  progress.  According  to  this 
view  of  the  subject,  we  should  be  forced,  in  order  to  be  con- 
sistent, to  consider  the  strioe  lying  in  the  same  direction  in 
the  Alps,  Vosges,  and  Pyrenees,  as  forming  part  of  one  sys- 
tem of  erosion,  over  a  space  of  four  degrees  of  latitude,  like 
that  which  many  of  M.  Durocher's  systems  of  striee  compre- 
hend \  while  the  latest  evidence  goes  to  prove  that  these  stria? 
have  been  engraved  by  glaciers  descending  from  mountains 
into  valleys,  and  not  by  a  general  agent  proceeding  from  the 
north  to  the  south,  or  from  the  east  to  the  west. 

Faithful  to  his  principle  of  assuming  the  direction  of  the 
striae  as  the  sole  guide  in  studying  the  line  of  route  followed 
by  the  agent  which  traced  them,  an  observer,  proceeding  on 
this  method,  would  be  forced  to  regard  the  furrows  formed 
by  a  principal  glacier,  and  those  made  by  its  tributaries,  as 
belonging  to  different  systems.  In  the  valley  occupied  by 
the  glacier  of  the  Aar,*  such  a  geologist  would  consider  the 
striae  directed  from  west  to  east  which  this  glacier  has  en- 
graved under  our  eyes,  as  forming  part  of  one  system,  while 
those  of  its  tributaries,  the  glaciers  of  Thierberg,  Silberberg, 
Griinberg,  and  Zinkenstock,  which  cut  the  former  at  right 
angles,  more  or  less  obtuse,  he  would  regard  as  belonging  to 
another  system. 

The  plan  followed  by  M.  Durocher  appears  to  me,  there- 
fore, erroneous,  whether  we  apply  it  to  the  hypothesis  of  gla- 

*  See  the  plan  of  the  glacier  of  the  Aq.t,  Bulletin  de  la  Society  Oeohgique,  2d 
series,  t.  iii,,  PI.  V.,  fig.  12.     Meetiug  of  2d  March  1846. 
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ciers,  or  to  that  of  currents ;  for,  in  either  case,  we  could  not 
take  the  direction  of  the  striae  as  the  only  indication  of  the 
route  taken  by  the  agent  which  traced  them,  without  taking 
into  account  all  the  other  marks  which  might  serve  to  make 
us  acquainted  with  this  direction.  The  problem  is  not  be- 
yond the  means  of  solution,  for  M.  A.  Guyot  has  figured  upon 
the  map  the  space  occupied  by  the  different  glaciers  which 
formerly  covered  the  plain  lying  between  the  Alps  and  the 
Jura.  But,  besides  the  direction  of  the  striae,  he  has  taken 
into  account  the  mineralogical  nature  of  the  transported  rocks, 
their  mode  of  dispersion,  whether  in  a  sporadical  state,  or  in 
the  form  of  lateral,  median,  or  terminal  moraines.  He  has 
followed  these  materials  from  the  point  of  their  departure  in 
the  Alps  to  their  point  of  arrival  in  the  Jura,  and  he  has 
thus  been  enabled  to  circumscribe  the  domain  of  each  glacier 
with  as  much  accuracy  as  we  can  trace  the  limits  of  a  super- 
ficial formation** 

Characters  of  the  Transported  Deposits  m  the  north  of  Europe. 
In  the  flat  country,  this  formation  presents  itself  sometimes 

*  In  his  first  toemoii*,  M.  Durocher  had  ascribed  th6  sinuous  canals,  ramified 
and  anastomosing  with  each  other,  which  he  had  seen  on  the  shores  of  the  sea, 
to  diluvian  currents.*  In  the  present,  he  remarks  on  the  contradictions  in  the 
explanations  which  have  been  given  of  them  by  MM.  Agassiz,t  Escher  de  la 
Linth,J  P.  Schimper,§  and  myself, j]  Now,  all  the  four  of  us  have  ascribed 
the  sinuous  and  anastomosing  canals  observed  by  M.  Durocher  to  the  action  of 
water  ;  only  MM.  Agassi z  and  Escher  have  considered  the  striae  engraved  in  the 
interior  of  these  canals  as  the  striae  of  glaciers.  M.  Schimper  ascribes  them  to 
the  action  of  waves.  For  myself,  I  have  not  pronounced  an  opinion  on  the 
origin  of  these  striae,  which  were  known  to  me,  neither  by  specimens,  nor  de- 
tailed description,  nor  by  accurate  drawings.  Accordingly,  in  my  first  reply, 
I  have  not  spoken  of  these  stria;,  and,  in  my  second,  I  have  expressed  myself 
thus  I  "  With  th6  rest  of  M.  Durocher's  argument,  supposing  what  I  have  not 
said,  namely,  that  the  striae  engraved  in  the  interior  of  sinuous  canals  have  been 
produced  by  glaciers,  I  shall  not  occupy  myself."  It  will  thus  be  seen  that  we 
agree  as  to  tlie  origin  of  these  canals,  only  M.  Schimper  differs  from  MM. 
Agassiz  and  Escher  in  the  explanation  of  one  of  the  details,  the  striae  in  their 
interior. 

*  See  the  form  of  those  sinuous  canals,  Bulletin  de  la  Boeiete  Qeologique,  2d  series,  t.  iii. 
n.  I.,  figs.  1,  5,  and  8 ;  that  of  the  strice  of  glaciers,  PI.  II.,  figs.  3,  4,  5,  and  6. 

t  Comptes  Rendiu  de  VAcademie  des  Sciences,  t.  xxi.,  p.  133.    15th  Doc.  1845. 

I  Bulletin  de  la  Soci'ete  Geologique,  2d  series,  t.  iii.,  p.  230.    19th  Jan.  I&IO. 

§  Comptes  Rendxtt  de  VAcademie  des  Sciences,  t.  xxii.,  p.  4^-5.    6th  Jan.  1846. 

II  linlletin  de  la  Societe  Oeologique,  2d  series,  t.  iii^  p.  HI.    15th  Dec.  1840. 
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under  the  appearance  of  vast  deposits  with  a  flat  surface, 
sometimes  under  that  of  terraces  rising  in  steps  one  above 
another,  or  in  the  form  of  elevations  of  banks  or  elongated 
hills,  known  by  the  name  of  osars  (the  sandosars  of  the 
Swedes).  Among  the  mountains,  it  forms  irregular  masses, 
without  any  determinate  geometrical  figure.  Instead  of  en- 
deavouring to  discover  characteristic  marks  which  might  illus- 
trate the  nature  of  these  different  deposits,  M.  Durocher  con- 
fines himself  to  a  description  of  their  form,  and  that  of  the 
materials  composing  them,  as  if  that  form,  and  the  greater 
or  less  proportion  of  sand,  pebbles,  angular  or  rounded  blocks, 
were  of  themselves  sufficient  to  reveal  their  origin  to  us.  In 
his  first  Memoir,  he  seemed  to  separate  the  osars  from  the 
other  transported  formations,  and  to  admitj^ith  Mr  Lyell, 
that  their  origin  is  more  recent.  In  the  present  Memoir,  this 
distinction  is  not  observed,  and  the  author  no  longer  attempts 
to  determine  whether  they  contain  shells,  and  if  these  shells 
are  identical  with  those  now  living  in  the  neighbouring  seas, 
cr  rather,  whether  they  belong  to  the  icy  ocean,  or  to  warmer 
seas.  On  no  occasion  does  he  make  the  slightest  allusion  to 
the  absence  or  presence  of  those  rubbed  and  striated  pebbles* 
which  are  so  characteristic  of  moraines.  The  result  is,  that 
the  reader,  after  perusing  this  chapter,  cannot  form. the  slight- 
est idea  of  the  nature  and  origin  of  these  deposits,  so  different 
from  each  other.  However,  before  M.  Durocher's  publica- 
tion, the  results  of  MM,  Hisinger,t  Lyell, J  Keilhau,|  and,  at 
a  later  period,  those  of  MM.  Forchammer,]!  Loven,  and  Desor, 
have  thrown  some  light  upon  this  chaos. 

Under  the  name  of  transported  deposits,  M.  Durocher  has 
united,  in  the  same  denomination,  three  very  distin^ct  forma- 
tions:— 1*^,  The  ancient  moraines,  which  he  describes  (page  64) 


*  These  pebbles  had  already  been  described  in  1842,  in  the  Edinburgh  Neiv 
Philosophical  Journal,  p.  223,  and  in  the  Bibliotheque  Universelle,  t.  xli.,  p.  125. 
t  Antekninger  i  Physik  och  Geognosie,  t.  iv. 

I  On  the  proofs  of  the  gradual  rising  of  the  land  in  certain  parts  of  Sweden. 
Phil.  Trans.,  1835  ;  and  in  French,  Memoires  de  la  Societe  des  Sciences  Naturelles 
de  Neuchdtel,  t.  i.,  p.  200. 

§  Nyt  Magazin  for  Naturviderskaberne,  t.  iii.,  p.  169.     1842. 

II  The  Athenseum,  No.  987,  26th  September  1846,  p.  1003. 
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as  **  deposits  formed  in  the  ravines  of  high  mountains." 
He  himself  recognises  the  analogy  of  their  form  to  that  of 
the  moraines  of  existing  glaciers.  Unfortunately,  he  has  not 
ascertained  whether  they  contain  rubbed  or  striated  pebbles. 
Negative  or  positive,  this  character  was  of  such  importance, 
that  I  am  forced  to  believe  that  it  was  completely  unknown 
to  him  ;  for  he  must  have  searched  for  these  pebbles  with  the 
greater  eagerness,  as  their  absence  would  have  been  a  decisive 
proof  that  these  masses  are  not  moraines,  but  deposits  entirely 
aqueous. 

2dy  When  the  transported  formation  presents  itself  under 
the  form  of  even  or  terraced  surfaces,  it  shews  an  imperfect 
stratification,  and  its  exterior  shape  indicates  the  action  of 
water.  But  these  formations  are  almost  wholly  composed  of 
that  layer  of  mud,  sand,  and  gravel  (inoraine profonde),  which 
is  found  in  the  lower  part  of  all  glaciers,  afterwards  ar- 
ranged by  the  waters.  The  proof  of  this  is  to  be  found  in 
the  presence  of  large  pebbles,  or  rather  blocks  striated  by  the 
ice,  blocks  which  exist  neither  in  the  sea,  nor  in  lakes,  nor  in 
torrents  ;  for,  not  only  does  transportation  by  water  not  stri- 
ate pebbles,  but  it  effaces  the  striae,  as  any  one  may  convince 
himself  by  examining  any  of  the  torrents  which  issue  from 
the  glaciers  of  Switzerland. 

In  his  travels  in  Southern  Scandinavia  during  this  summer, 
M.  Desor  found  striated  pebbles  in  Denmark  in  a  transported 
formation,  with  an  even  surface,  across  which  the  railway 
from  Copenhagen  to  Koeskild  passes,  and  in  the  neighbour- 
hood of  Kioege,  on  the  coast  of  Seeland,  to  the  south  of  the 
capital.  In  Norway  he  again  found  them  in  a  transported 
formation  of  terraces  at  Sorgenfry,  near  Christiana,  on  the 
road  which  leads  from  that  town  to  Krogleben,  and  in  the 
muddy  deposits  on  the  sides  of  the  Drammen,  at  its  outlet  into 
Drammen-Fiord.  In  Sweden  he  saw  striated  pebbles  in  the 
same  kind  of  formation,  particularly  in  the  loamy  terraces  of 
Berg,  near  lake  Wettern. 

These  striated  pebbles  are  not  the  only  signs  which  dis- 
close the  glacial  origin  of  these  deposits ;  they  likewise  in- 
close marine  shells.  A  great  number  of  these  have  no  ana- 
logues in  the  neighbouring  seas ;  they  are,  according  to  M. 


lis     M.  Ch.  Martins'  Remarks  on  M.  Durochers  Memoir 

Loven,  arctic  species  now  banished  from  the  icy  seas,  but 
which  lived  in  the  North  Sea  at  the  period  when  its  coasts, 
by  sinking,  plunged  into  the  ocean  the  moraines  previously 
arranged  by  the  diluvian  torrents  arising  from  the  melting 
of  the  glaciers. 

36/,  The  osars  (sandosars  of  the  Swedes).  These  hills, 
with  such  characteristic  forms,  belong  to  an  epoch  very  differ- 
ent from  that  of  the  erratic  transported  formation  of  which 
we  have  spoken  ;  they  are  one  of  the  numerous  proofs  of  the 
immersion  and  emersion  of  the  Scandinavian  coast.  MM. 
Al.  Brongniart,  Hisinger,  and  Lyell,  have  found  in  them  shells 
now  living  in  the  Baltic  ( Tellina  Baltica,  Cardium  edule,  My- 
tilis  edulis,  Littorina  crassior,  L.  littoria,  Neretma  fluviatilis), 
at  heights  varying  from  9  to  24  metres  above  the  level  of  the 
Gulf  of  Bothnia.  These  osars  are,  therefore,  the  work  of  the  sea 
during  the  period  of  the  immersion  of  Scandinavia.  They  are 
true  downs  {Bevler  of  the  coasts  of  Jutland),  wdth  a  stratifica- 
tion not  horizontal,  formed  by  the  surge  during  stormy  weather 
which  passed  over  these  ramparts,  and  deposited  in  them  the 
pebbles  and  sand  which  it  raised  from  the  bottom  of  the  sea.* 
The  pebbles  composing  these  osars  are  never  striated  ;  they 
could  not  be  so  ;  for,  even  if  they  were  striated  before,  the  striaa 
would  have  been  speedily  effaced  by  the  friction  to  which  they 
were  subjected  by  rolling  on  the  beach.  The  osars  are  almost 
always  covered  with  angular  erratic  blocks,  and  the  most  pro- 
bable opinion  is  that  which  attributes  their  transport  and 
deposition  to  rafts  of  floating  ice.  Another  circumstance  still 
proves  the  recent  origin  of  osars,  namely,  that  they  some- 
times lie  above  deposits  of  peat,  the  origin  of  which  may  be 
contemporary  with  that  of  glaciers,  but  cannot  be  posterior  to 
it.  Besides  this,  boats  have  been  found  in  them,  and  a  house 
buried  to  the  depth  of  19  metres,  with  charcoal  still  in  the 
fireplace."!*  M.  Durocher,  therefore,  is  in  error  when  he  ter- 
minates his  memoir  by  saying  (p.  64),  "  The  partisans  of  the 


*  Ueber  Geschiebebildungen  und  Diluvial  Schrammen  in  Danemarck,  von 
G.  Forchammer.  Annales  de  Physique  do  Poggendorf,  t.  Iviii,  p.  609 ;  also 
Edinburgh  New  Philosophical  Journal,  vol,  xxxi.,  p.  61,  1841. 

t  Lyell,  On  the  Proofs  of  a  gradual  liising  of  the  Land  in  certain  parts  of 
Sweden.     i%?7.Trans.,  1835,  p.  8. 
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glacialist  school  consider  these  deposits  to  be  ancient  mon 
raines."  Already  in  my  first  reply,*  I  had  insisted  at  length 
on  the  action  of  waters  which  have  arranged  the  materials  of 
moraines,  or  have  so  deposited  them  as  to  form  terraces  or 
osars.  In  Switzerland,  the  aqueous  debacle,  arising  from  the 
melting  of  glaciers,  has  produced  analogous  effects ;  but  in 
Sweden,  the  phenomenon  is  complicated  by  the  successive 
immersion  and  emergence  of  a  great  part  of  the  shore,  before 
and  after  the  ancient  extension  of  glaciers. 

Reply  to  M,  Durocher's  Objections  to  the  idea  of  the  Ancient  Ex- 
tension of  the  Glaciers  of  Scandinavia^ 
The  Scandinavian  peninsula  is  a  mixed  country,  composed 
of  mountains,  valleys,  and  undulating  plains.  This  country 
has  not  preserved,  nor  does  it  yet  preserve,  a  constant  level 
above  the  sea;  it  has  been  sunk  under  and  raised  from  the 
water  once  or  many  times.  It  has,  therefore,  been  subjected 
to  very  complex  actions ;  the  action  of  glaciers  more  exten- 
sive in  former  times  than  now,— the  action  of  water  arising 
from  the  melting  of  these  glaciers, — the  action  of  the  sea  at 
a  greater  or  less  distance  from  its  present  shores.  It  would, 
therefore,  be  very  illogical  to  explain  all  by  a  covering  of  ice, 
or  to  desire  to  account  for  all  the  facts  by  one  or  more  dilu- 
vial currents.  Now,  M.  Durocher  always  imagines  that  the 
advocates  of  the  ancient  extension  of  glaciers  ascribe  all  the 
erratic  phenomena  of  Scandinavia  exclusively  to  the  action  of 
ice.  He  has  in  this  way  created  a  convenient  adversary 
whom  he  can  easily  combat.  Eut  let  us  look  to  the  facts. 
The  author  supposing,  from  the  direction  of  the  striae,  that 
one  and  the  same  agent  has  furrowed  Sweden  from  the  63d 
to  the  59th  degree  of  latitude,  calculates  the  general  incli- 
nation of  the  ground  for  a  length  of  450  kilometres  ;  he  finds 
it  to  be  two  minutes  only,  and  concludes  that  a  glacier  could 
not  move  over  so  slight  an  inclination.  But  observation  has 
decided  nothing  as  to  this  point;  the  glacier  of  the  Aar 
moves  over  a  bottom  which  inclines  only  1°  30',  and  M.  Hop- 
kins has  proved  experimentally  that  a  block  of  ice,  melting 

*  Bulletin  dc  la  Socicte  Gcologique,  1845,  page  122  and  following. 
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at  its  lower  surface,  slides  over  a  slope  of  40'.*  In  making 
this  objection,  M.  Durocher  supposes,  along  with  Mr  Forbes, 
that  the  movement  of  glaciers  is  nothing  else  than  that  of 
heavy  bodies.^  If  he  had  studied  this  movement,  he  would 
have  found  that  such  is  not  the  case.  The  glacier  of  the  Aar 
moves  on  a  very  unequal  bed,  sloping  1°  30',  an  inclination 
amounting  almost  to  nothing,  and  on  which  a  solid  body 
would  remain  stationary ;  for,  according  to  M.  Morin,  the 
two  bodies  which  slide  most  easily  on  one  another  are  cop- 
per and  greased  iron ;  but  the  former  does  not  get  into  motion 
till  the  inclination  reach  4°  35'.  In  a  heavy  solid  body,  vis- 
cous or  liquid,  the  lower  extremity  advances  with  a  degree 
of  quickness  sensibly  equal  to  that  of  the  upper  parts.  In  a 
glacier,  the  movement  becomes  slower  towards  its  lower  ex- 
tremity. Thus  in  the  present  year,  whilst  at  the  middle  por- 
tion of  its  length,  the  glacier  of  the  Aar  had  traversed  a 
space  of  75  metres  in  396  days,  it  had  advanced  only  41 
metres  near  its  extremity.  The  influence  of  the  slope  is  even 
so  slight  on  the  progress  of  glaciers  that  we  cannot  compare 
it  to  the  sliding  of  heavy  bodies.  M.  Desor  has  already 
shewn  this ; J  M.  Dollfus  and  myself  have  confirmed  it.  In 
fact,  while  the  glacier  of  Griinberg,  one  of  the  tributaries  of 
the  Aar,  had  advanced  2''22  in  17  days,  the  latter  had  ad- 
vanced 2'-94  ;^and  yet  the  surface  of  the  first  mentioned  had 
an  inclination  of  30°,  that  of  the  second  only  3°.§ 

The  second  difficulty  which  M.  Durocher  advances  against 
the  ancient  extension  of  glaciers  in  Scandinavia,  is,  that  they 
cannot  traverse  planes  inclined  to  opposite  slopes.  In  order 
to  be  convinced  that  this  objection  is  not  real,  we  have  only 
to  go  to  Switzerland  and  examine  the  profile  of  some  gla- 
ciers, where  we  see  the  rock  on  which  they  rest.  We  will 
perceive  that  all  the  glaciers  pass  over  planes  inclined  to 
opposite  declivities.     I  shall  content  myself  by  citing  the 


*  On  the  Motion  of  Glaciers.     Philosoph.  Mag.,  vol.  xxvi.,  p.  4,  1845. 
t  Comptes  llendus  de  I'Acadoraie  des  Sciences,  t.  xxiii.,  p.  209,  27th  July 
1846. 

+  Ibid.,  t.  xix.,  p.  1303,  9th  Dec.  1844. 
§  Ibid.,  t.  xxiii.,  p.  823,  26th  October  1846. 
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glaciers  of  the  posterior  Rhine,  Alalein,  Tschingel,  and  Griin- 
berg.  The  ancient  glaciers  of  Switzerland  present  still  more 
striking  examples  of  this  mode  of  progression.  I  shall  recall 
to  M.  Durocher's  recollection  the  succession  of  hills  which 
he  must  have  seen  in  descending  the  valley  of  the  Aar ;  1st, 
the  two  Baerenblihl ;  2il,  the  groups  of  moutonneed  rocks 
which  we  cross  in  going  from  the  Aar  to  the  hospice  of  the 
Grimsel,  and  which  form  the  contrefort  of  Naegelisgraeth ; 
3fl?,  the  Spitalnollen  ;  4/A,  the  Kirchet,  which  are  covered  on 
all  sides  with  strias  characteristic  of  the  action  of  glaciers, 
identical  in  every  respect  with  those  which  the  Aar  is  engra- 
ving in  the  present  day  under  our  own  observation. 

I  was  astonished,  I  must  confess,  to  find  the  following  re- 
mark among  the  objections  to  the  ancient  extension  of  gla- 
ciers :  "  In  the  country  of  Areskutan,"  says  M.  Durocher, 
"  the  erratic  agent  must  necessarily  have  had  an  ascending 
motion ;  it  has  set  out  from  a  lower  country  to  ascend  to 
another  222  metres  higher  than  its  point  of  departure  ;  it  is 
not,  therefore,  a  glacier  which  has  engraved  the  striae  of 
Areskutan."  This  difficulty  is  indisputable ;  but  it  appears 
to  me,  that  if  it  be  difficult  to  admit  that  a  glacier  can  raise 
raise  itself  up  a  slope,  it  is  still  more  difficult  to  conceive 
that  a  diluvian  current  could  flow  up  one ;  and  if  we  were 
forced  to  choose  between  the  two  suppositions,  there  is  no 
one  who  could  not  decide  for  the  glacier.  In  truth,  it  has 
not  been  demonstrated  that  a  glacier  cannot  ascend  a  decli- 
vity by  resting  itself  against  an  obstacle  at  the  bottom,  whilst 
water  cannot  move  against  the  laws  of  gravity.  This  alleged 
objection,  therefore,  against  glaciers  is  only  a  local  problem, 
of  which  M.  Durocher  has  been  unable  to  find  the  solution. 
There  is  one,  however,  which  I  have  endeavoured  to  give,  in 
favour  of  currents  as  well  as  of  glaciers.  The  coast  of  Nor- 
way, as  is  well  known,  is  subject  to  considerable  oscillations  ; 
and  we  may  affirm,  that,  in  the  glacial  epoch,  the  relative 
levels  of  the  sea,  of  the  coast,  and  of  the  interior  of  the  coun- 
try, were  not  the  same  as  they  now  are.  Everywhere  in  the 
Gulf  of  Christiania,  and  elsewhere,  the  striee  are  continued 
under  the  sea.  It  is,  therefore,  extremely  probable,  that  at 
the  era  of  glaciers  the  coast  was  more  elevated  than  at  the 
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present.  In  fact,  it  is  necessary,  in  order  that  glaciers  might 
slide  along  the  bottom  of  the  sea,  that  its  temperature  should 
be  constantly  below  zero  ;  for,  if  the  temperature  of  the  latter 
were  maintained  above  the  freezing  point  during  several 
months  of  the  year  only,  the  glacier  would  float  upon  the  sur- 
face of  the  sea,  and  not  striate  its  bottom.  I  think  that  I 
have  established  this  point  in  my  observations  on  the  glaciers 
of  Spitzbergen.*  During  the  glacial  epoch,  it  is,  therefore, 
probable  that  the  coast  was  higher  than  at  present,  for  we 
must  suppose  it  to  have  been  more  elevated  before  all  the 
striae  could  be  submerged.  But  since  it  has  undergone  re- 
markable oscillations,  as  is  proved  by  the  balani  of  Udevalla, 
seen  by  M.  Brongniart,t  60  metres  above  the  sea ;  the  ser- 
pulse  fixed  on  polished  rocks  between  Christiania  and  Aggers- 
bach;!  and  above  all,  by  the  bed  of  clay  and  shells  {Ska- 
lenschicht)  described  by  M.  Keilhau,  and  which  are  found  to 
the  height  of  188  metres  above  the  sea,  and  12  myriametres 
from  the  coast.§  The  oscillation  of  the  coast  of  the  penin- 
sula is,  therefore,  a  fact  mathematically  demonstrated.  Let 
us  now  see  whether  the  portion  of  the  Norwegian  coast,  of 
which  M.  Durocher  speaks,  presents  any  marks  of  these 
changes  of  level.  Areskutan  is  situate  under  the  same  lati- 
tude as  Drontheim,  but  10  myriametres  into  the  interior  of 
the  country.  Now,  in  the  Beistadfiord,  11  myriametres  to 
the  north  of  Drontheim  and  Areskutan,  M.  de  Buch||  found, 
at  a  height  of  140  metres,  marine  shells,  which  he  considers 
the  same  as  those  of  the  deposit  near  Drammen,  the  greater 
part  of  them  now  living  in  the  North  Seas.  These  are,  My- 
tilus  edulis,  Cardium  eduli,  Mya  truncata^  Venus  Islandlca, 


*  Bibliotheque  Universelle  de  Geneve,  July  1849;  Bulletin  de  la  Societe 
Geologique,  Meeting  of  4th  May  1840;  and  Edin.  New  Philosophical  Journal, 
vol.  XXX.,  p.  284,  1841. 

t  Notice  of  the  blocks  of  rocks  found  in  transported  formations,  Annates  des 
Sciences  Naturelles,  t.  xiv.,  1828. 

J  Scheerer,  Beytraege  zur  Kentniss  des  Seftstroem'schen  Frictions  Phenomen., 
Annales  de  Physique  de  Poggendorjf,  3d  series,  t.  vi,,  1844. 

§  Daubrec,  Note  on  the  Erratic  Phenomena  of  the  North  of  Europe.     Bul- 
letin de  la  Societe  Geologique,  t.  xiv.,  p.  574,  19th  June  1843. 
II   Reise  durch  Norwegen  und  Lappland,  t.  i.,  251. 
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&G.  A  little  to  the  south  of  Drontheim,  at  the  entry  of  the 
Joergenfiord,  latitude  62°  20',  M.  Keilhau*  observed  terraces 
rising  200  metres  above  the  ocean.  Thus,  then,  the  coast  of 
Drontheim.  which  corresponds  to  the  mountain  Areskutan, 
has  been  subject,  like  the  rest,  to  considerable  oscillation, 
and  wo  cannot  infer,  from  its  present  height,  what  was  its 
elevation  at  the  period  when  the  stria)  were  produced. 

The  difficulty  started  by  M.  Purocher  is  not,  therefore, 
without  a  solution,  and  all  his  calculations  on  the  ascending 
motions  of  a  glacier  are  without  foundation,  since  it  is  all 
but  demonstrated  that,  at  the  glacial  era,  the  relative  levels 
of  the  sea,  the  coast,  and  the  interior  of  the  country,  were 
not  the  same  as  now.  It  remains  to  be  determined,  whether 
the  mean  direction  of  the  striaa  is  really  that  which  he  de- 
scribes; for  I  must  observe  that  M.  Siljestroem,  who  visited 
this  locality  before  M.  Durocher,  mentions  only  stri9B,t  di- 
rected from  north  to  south,  and  others  from  east  to  west ; 
and  none  of  those  running  from  I'W.  to  TE.,  on  which  M. 
Durocher  founds  his  reasoning. 

M.  Durocher' s  fourth  difficulty  is  one  of  a  similar  nature. 
He  cannot  comprehend  how  a  glacier  could  cross  obliquely 
the  deep  depression  of  the  Gulf  of  Bothnia,  and  then  ascend 
the  hills  of  Finland.  I  can  still  less  understand  how  a  cur- 
rent could  do  this ;  in  fact,  a  current  from  the  N  W.  towards 
this  gulf,  would  have  evidently  deviated  on  entering  this  de- 
pression, and  would  have  followed  its  direction,  which  is 
from  NE.  to  SW.,  in  the  same  manner  as  a  river  which 
enters  a  valley,  immediately  takes  the  direction  of  that  val- 
ley. But  we  may  conceive,  how  a  mass  of  ice  could  traverse 
a  depression  obliquely.  The  glaciers  of  Switzerland  present 
us  with  numerous  examples.  We  must  remember,  that  the 
maximum  specific  gravity  of  the  ice  of  glaciers  is,  according 
to  M.  Dollfus'  experiments,  to  that  of  pure  water  as  909  is 
to  1000,  a  proportion  which,  with  muddy  water  becomes  883 

*  Nyt  Magazin  fur  Naturviderskaberne,  1837,  p.  220;  and  Bravais,  On  the 
Lines  of  the  Ancient  Level  of  the  Sea  in  Finraark.  Voyages  du  Commission  du 
Nord  en  Scandinavia.      Geographic  Physique^  t.  i.,  p.  117. 

t  Carte  do  la  Scandinavie,  par  AL  Bravais.  Atlaa  des  Voyage*  de  la  Com', 
mission  du  Nord. 
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to  1000.  This  ice,  therefore,  partly  swims  on  water ;  and  if 
a  glacier  supported  its  sides  on  the  shore,  that  would  be  suf- 
ficient to  sustain  it  above  a  liquid  mass.  These  consequences 
are  verified  in  nature.  The  glacier  of  Aletsch,  in  Switzer- 
land, rests  on  the  surface  of  Lake  Mccrill ;  all  the  glaciers 
which  occupy  the  bottom  of  the  Spitzbergen  bays,  advance 
above  the  sea,  to  a  certain  distance,  supporting  themselves 
on  the  shores  of  the  bay.*  For  all  these  reasons,  it  does  not 
appear  to  me  absurd  to  suppose,  that,  by  enlarging  the  pro- 
portions of  the  phenomenon,  the  glaciers  formerly  crossed 
the  Gulf  of  Bothnia,  as  they  have  probably  traversed  the 
lakes  of  Switzerland.  In  this  country,  we  can  demonstrate, 
from  the  altitudinal  limit  of  the  ancient  lateral  moraines  left 
by  these  glaciers,  that  their  base  did  not  rest  on  the  bottom 
of  the  lake,  but  corresponded  very  nearly  to  the  actual  level 
surface  of  the  water. 

The  portion  of  his  map  of  the  direction  of  the  stride,  which 
M.  Durocher  has  derived  from  that  of  M.  Sefstrom,-|-  pre- 
sents, on  the  shores  of  the  Gulf  of  Bothnia,  between  Gefie 
and  Oeregrund,  arrows  running  from  NE.  to  SW.,  as  if 
the  grooving  force  advanced  from  the  sea  towards  the  inte- 
rior of  the  country.  From  this  M.  Durocher  draws  a  great 
argument  against  glaciers,  which,  he  says,  cannot  rise  from 
the  bottom  of  a  basin,  like  the  Gulf  of  Bothnia,  upon  the  shore. 

The  objection  applies  equally  to  currents  ;  but  I  shall  not 
discuss  it ;  for  I  have  strong  reasons  for  thinking,  that  the 
direction  indicated  by  M.  Sefstrom  is  not  the  mean  direction, 
but  that  he  has  been  led  into  error  by  local  deviations.  The 
recollections  of  my  journey  in  1839,  in  which  I  travelled 
from  Gefle  to  Upsal,  crossing  this  region,  recall  nothing  of 
this  nature. 

Such  are  the  objections  M.  Durocher  makes  to  the  ancient 
extension  of  the  glaciers  of  Scandinavia.  Not  to  prolong 
the  discussion,  I  shall  not  enter  upon  the  enumeration  of  the 
difficulties  that  may  be  raised  against  the  hypothesis  of  dilu- 
vial currents  ;  my  task  would  be  difficult  from  other  causes, 

*  See  my  observations  on  the  glaciers  of  Spitzbergen,  Bibliothcque  Univcr- 
$eUe  de  Geneve,  t.  xxviii..  p.  160.     July  1818. 

t  Annales  de  Physique  de  Toggendorff,  t.  xliii.     1838. 
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for  in  these  two  memoirs  the  author  has  not  come  to  a  con- 
clusion. Formerly,  he  admitted  a  single  current,*  which  ex- 
tended from  Spitzbergen  to  Germany  ;  now,  I  suppose  that 
he  must  admit  ten  different  currents,  successive  or  simulta- 
neouSjt  running  towards  the  four  cardinal  points,  according 
to  the  mean  direction  of  his  arrows.  The  author  not  having 
explained  himself,  I  prefer  to  wait  till  he  has  himself  pointed 
out  the  consequences  of  his  observations,  and  shewn  how 
one  or  more  diluvial  currents  better  account  for  the  facts  ob- 
served, than  the  supposition  of  the  ancient  extension  of  gla- 
ciers. 

Reply  to  the  Objections  to  the  Ancient  Extension  of  Glaciers 
among  the  Alps. 

M.  Durocher  terminates  his  memoir  by  drawing  a  parallel 
between  the  erratic  phenomena  of  the  North,  and  those  of  the 
Alps,  Pyrenees,  and  Vosges.  He  admits  the  analogy  of  the 
effects  produced  ;  but  as  he  does  not  take  into  account  the 
powerful  action  of  the  sea  during  the  time  of  the  immersions 
and  emersions  of  the  land  of  Scandinavia,  he  carries  the 
analogy,  in  my  opinion,  much  too  far.  In  the  Alps,  Pyre- 
nees, and  Vosges,  the  aqueous  effects  are  confined  to  such  as 
resulted  from  the  melting  of  glaciers,  and  the  incessant  action 
of  atmospheric  agents.  In  Scandinavia,  there  were,  besides 
these,  the  powerful  effects  of  the  sea,  which  has  covered,  at 
different  periods,  a  considerable  portion  of  the  Swedish  plain. 
This  part  of  the  memoir  contains  a  multitude  of  observations 
and  details  already  known,  and  objections  long  since  refuted. 
Thus,  for  example,  M.  Durocher  draws  attention  to  the  fact, 
that,  at  the  contraction  of  valleys  the  striaD  are  ascending. 

Let  him  visit  the  glacier  of  the  Aar,  and  he  may  touch,  at 
the  lower  part  of  the  promontory  which  supports  M.  Agassiz's 
pavilion,  the  identical  striae  rising  64°  from  before  backwards. 
He  will  again  meet  with  the  same  phenomenon  at  8  kilome- 
tres distance,  at  the  lower  contraction  of  the  small  valley 
of  Raeterichsboden,  where  the  striae  are  inclined  48°,  on  a 

*  Comptes  Rendus  de  TAcadamie  des  Sciences,  t.  xiv.,  p.  109.  January  17, 
1842. 

t  See  his  Map. 
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very  salient  promontory  of  the  left  bank,  and  7°  only  on  the 
vertical  walls  of  the  right  bank.  Let  him  go  to  the  gla(3ier 
of  the  lower  Grindelwald,  at  the  defile  of  Stiergeg ;  he  will 
find  them  raised  to  45°.  Wherever,  in  short,  an  obstacle 
opposes  itself  to  the  progress  of  the  glacier,  he  will  see 
ascending  strife  engraved  by  the  ice  which  rises  against  the 
rock.  This  is  one  of  the  phenomena  which  water  cannot 
produce,  for  it  does  not  engrave  rectilinear  strise,  but  hollows 
out  sinuous  and  ramified  canals,  holes,  and  conoidal  cavities, 
giants'  kettles,  &c. 

The  author  then  adverts  to  meteorological  considerations, 
for  the  purpose  of  shewing  that,  even  in  a  climate  analogous 
to  that  of  the  polar  regions,  the  glaciers  of  the  Alps  could 
not  extend  to  the  Jura.  To  prove  this,  M.  Durocher  sup- 
poses that  the  mean  temperature  of  these  regions  is  —  IS''.  This 
is  an  error ;  the  mean  of  Spitzbergen,  according  to  Scoresby,* 
is  only  — 8°;  and  this  statement  is  confirmed  by  Franklin, 
Parry,  and  the  Northern  Commission.  He  affirms,  more- 
over, that  the  temperature  is,  during  a  very  short  time,  above 
zero.  Another  mistake,  for  the  means  of  the  summer  months, 
are  the  following : — 

June +  0°  90 

July  +3°  51 

August    +  2°  88 

Mean,... 2°  43 

Thus,  during  three  months,  the  thermometer  is  habitually 
above  zero.  The  climate  of  Spitzbergen  is  not,  therefore,  so 
cold  as  M.  Durocher  supposes  ;  and  yet  all  the  valleys  on  the 
western  coast  are  filled  with  glaciers  which  reach  to  the 
sea.  If  Spitzbergen  had  the  mean  temperature  of  —  15°, 
there  would  be  no  glacier  in  that  island ;  for  the  two  condi- 
tions essential  to  the  formation  of  glaciers  are,  1^/,  Abun- 
dant falls  of  snow :  now  we  know  that  these  falls  are  never 
abundant  during  severe  colds ;  2^,  The  melting  of  these 
snows,  which  become  penetrated  with  water,  and  are  then 
converted  into  glacier.     Now,  on  the  grand  plateau  of  Mont 

*  Account  of  the  Arctic  Regions,  vol.  i.,  p.  358. 
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Blanc,  where  the  mean  temperature  is  most  probably  about 
—  9''-l,  no  glacier  is  formed;  a  fortiori,  it  would  not  form 
with  a  mean  of  — 15°,  which  M.  Durocher  imagines  to  be  that 
of  Spitzbergen. 

Like  all  the  authors  who  have  not  specially  studied  exist- 
ing glaciers.  M.  Durocher  fancies  that  their  ancient  exten- 
sion presupposes  a  very  rigorous  climate.  Such  is  not  the 
case ;  some  very  simple  calculations  prove  it  with  conclusive 
evidence.* 

M.  Durocher  terminates  his  memoir  with  this  remarkable 
concession  :  "  Nevertheless,  we  must  admit,  that  the  glacial 
theory  has  an  indisputable  advantage,  that  of  introducing 
agents  which  produce  in  our  own  days,  but  on  a  much  smaller 
scale,  effects  analogous  to  those  which  have  taken  place  in 
ancient  times  ;  and  it  is  this  circumstance  which  has  gained 
over  many  adherents  of  late  years ;  while,  in  the  diluvian 
theory,  the  causes  supposed  to  have  been  in  operation  do  not 
now  perform  the  same  functions  as  formerly,  and,  conse* 
quently,  do  not  produce,  under  our  own  eyes,  effects  altogether 
similar  to  those  of  erratic  phenomena  ;  thus  we  have  not  ob- 
served, that  the  waters  of  rivers  produce  these  erosions  ill 
form  of  fine  striae." 

This  confession  is  sufficient  for  the  advocates  of  the  an- 
cient extension  of  glaciers.  Their  constant  study  has  been 
to  shew,  that  the  greater  part  of  the  phenomena  ascribed  to 
diluvial  currents,  are  still  produced  every  day  by  glaciers  ; 
they  have  adopted  the  method  introduced  by  M.  Constant 
Prevost  into  geology, — ."  to  explain  facts  which  took  place 
before  the  historical  era  by  natural  agents,  which  are  still  in 
operation.'* 

The  diluvialists,  at  least  M.  Durocher,  use  a  different  lan- 
guage. Existing  currents,  they  say,  do  not  produce  effects 
which  they  are  endeavouring  to  explain,  and  yet  there  were 
gigantic  currents  which  produced  them ;  thus,  by  their  own 
confession,  the  greatest  debacles,  the  most  impetuous  tor- 
rents, the  most  extensiue  inundations,  cannot  reproduce,  on 

*  Calculations  similar  to  those  here  given  will  be  found  in  M.  Martins'  paper 
on  the  Glaciers  of  Chamonix,  in  our  present  number,  p.  82 ;  we  have  not,  there- 
fore, repeated  them  in  this  place.— i:rftt.  Edin,  Netv  Phil.  Jour. 
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a  small  scale,  the  effects  of  diluvian  currents.  Yet  we  know, 
that  the  most  feeble  rivulet  shews  us  in  miniature  all  the 
phenomena  of  a  large  river ;  and  everywhere  in  nature  we  see 
the  same  effects  produced  on  every  kind  of  scale.  Our  oppo- 
nents confess  that  a  torrent  never  traces  rectilinear  striae ; 
and  yet  they  prefer  to  attribute  them  to  torrents,  rather  than 
admit  that  they  were  engraved  by  glaciers,  which  are  every 
day  forming  similar  ones  under  our  own  eyes. 

These  are  the  impossibilities  which  have  prevented  M.  Du- 
rocher  drawing  any  conclusion  from  the  facts  he  mentions  in 
his  two  memoirs.  He  endeavours  to  prove  that  these  facts 
ought  not  to  be  attributed  to  the  action  of  a  glacier ;  but  he 
forgets  to  shew  us  how  they  can  be  explained  with  marvel- 
lous facility  on  the  hypothesis  of  one  or  many  currents.  This 
however,  he  must  do  before  he  produce  conviction  in  others. 
But  the  author  has  so  completely  lost  view  of  the  conditions 
of  the  hypothesis  he  has  undertaken  to  dfjfend,  that  his  ob- 
jections to  glaciers  apply  almost  always  with  still  greater 
force  to  the  supposition  of  one  or  more  currents. 

I  have  not  adverted  to  many  of  these  objections,  from  the 
fear  of  extending  this  refutation  too  far,  and  prolonging  a  dis- 
cussion, which  I  leave  in  the  hands  of  all  geologists  who  have 
seen  existing  glaciers,  and  compared  their  effects  with  those 
observed  in  the  plains  of  Switzerland  and  Scand/mavia. 


On  the  Theory  of  Derv.     By  M.  Melloni  ;  in  Two  Letters 
to  M.  Arago.* 

The  violent  attacks  lately  made  on  the  theory  of  Wells,  have 
induced  me  again  to  take  up  the  study  of  dew.  After  a  very 
long  series  of  observations  and  experiments,  often  inter- 
rupted and  resumed,  I  think  that  I  have  arrived  at  a  distinct 
solution  of  all  the  questions  connected  with  this  interesting 
phenomenon.  The  memoir  in  which  they  are  described  has 
been  read  to  our  Academy  of  Sciences  (at  Naples)  who  have 
been  so  attentive  as  to  occupy  themselves  with  the  subject 


*  Comptes  Rendus  des  Seances  de  1' Academic  des  Sciences,  No.  xiii.,  p.  531. 
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at  three  successive  sittings.  I  have  sent  you  an  extract, 
with  a  request  that  you  would  communicate  it  to  the  Insti- 
tute. You  will  see,  my  illustrious  friend,  that  (here  was 
something  to  he  done ;  but  the  observers  who  have  made  such 
severe  attacks  on  Wells'  principle  were  instigated  by  a  spirit 
so  blindly  hostile,  that,  far  from  seeking  for  any  thing  that 
might  be  wanting,  they  wished  to  overturn  and  destroy  all, 
to  reintroduce  (who  would  believe  it  V)  the  old  phantom  of 
the  rising  of  dew  from  the  earth ! 

After  Wells'  experiments,  we  may  well  admit  with  perfect 
safety,  that  dew  does  not  rise  from  the  earth,  that  neither 
does  it  fall  from  the  sky,  and  that  it  is  formed  by  the  elastic 
and  invisible  vapour  diffused  throughout  the  space  which  sur- 
rounds bodies  ;  and  it  is  thus  that  we  have  comprehended 
all,  by  attributing,  with  the  natural  philosopher  just  named, 
the  precipitation  of  the  aqueous  vapour  to  the  cold  resulting 
from  the  calorific  radiation  of  bodies  towards  a  clear  sky. 
According  to  this  manner  of  viewing  the  subject,  the' leaves 
of  vegetables,  wood,  glass,  varnish,  lamp-black,  become 
covered  with  dew,  because  they  allow  the  heat  to  escape 
readily,  and  are  considerably  cooled  under  a  clear  sky; 
while  metals  remain  dry  on  account  of  the  difficulty  they 
have  in  vibrating  their  heat  towards  the  higher  regions  of 
the  atmosphere.  And,  in  truth,  we  observe  a  great  differ- 
ence between  the  indications  of  a  thermoscopic  apparatus, 
when  we  present  to  it  successively  a  vessel  of  polished  metal 
full  of  boiling  water,  and  another  vessel  exactly  similar, 
having  its  sides  covered  with  varnish  or  lamp-black,  the  se- 
cond action  being  much  more  energetic  than  the  first.  The 
inference  is  a  just  one ;  but  it  must  be  confessed  that  it  may 
well  be  that  it  should  not  appear  necessary  or  inevitable  in 
the  eyes  of  every  one.  In  fact,  Benedict  Prevost,  and  Saus- 
sure  before  him,  ascribed  the  want  of  dew  on  metals  to  an 
electrical  influence.  Leslie  explained  this  phenomenon  by  a 
particular  repulsion  which  metallic  surfaces  exert  towards 
aqueous  vapour;  and  the  actual  partisans  of  the  disputed 
theory  of  the  rising  of  dew,  account  for  it  by  the  heat  and 
electricity  disengaged  in  the  chemical  action  of  metals  on  the 
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molecules  of  this  same  vapom'  at  the  moment  of  their  pas- 
sage into  a  liquid  state. 

To  shew  that  these  different  hypotheses  cannot  be  main- 
tained, I  first  took  three  thermometers  graduated  on  the  stalk; 
I  then  passed  each  tube  through  a  cork  stopper,  and  fixed  it 
at  5  or  6  millimetres  from  the  bulb.  This  stopper  served 
as  a  point  of  support  to  two  parts  of  the  metallic  apparatus, 
in  which  I  enclosed  my  thermometers  intended  for  experi- 
ments on  nocturnal  cold.  The  first  is  a  small  vessel  of  silver 
r  copper,  very  thin,  resembling  a  thimble,  and  having  its 
surface  smooth  and  polished,  and  of  sufficient  size  to  contain 
the  bulb  of  the  instrument.  The  second  is  composed  of  a 
cylinder  of  tin,  closed  at  one  extremity  and  open  at  the  other, 
forming  an  envelope  to  a  graduated  tube.  These  two  me- 
tallic pieces  (which  can  be  taken  ofi^  and  put  on  with  the 
greatest  ease)  are  easily  kept  in  their  place  by  the  pressure 
and  elasticity  of  the  cork. 

Now  imagine  three  wide  recipients  of  tin,  having  a  lateral 
opening  by  which  we  may  introduce,  close  to  the  bottom,  the 
armed  bulbs  of  three  thermometers,  leaving  their  stalks  and 
4invelopes  disposed  horizontally  on  the  outside  ;  imagine  these 
recipients  supported  by  slender  tubes  of  metal,  provided 
with  covers  of  the  same  substance,  the  whole  exposed  to  the 
free  air  in  a  calm  and  clear  night ;  and  remembering  that  one 
of  the  thermometer's  armature  is  blackened,  the  two  others 
in  their  natural  state,  and  the  recipients  sometimes  open  and 
sometimes  closed, — you  will  have  an  idea  of  the  experiments 
J  instituted  to  compare  the  nocturnal  radiation  of  silver  with 
that  of  lamp-black.  Let  us  suppose  the  recipients  to  be  first 
closed ;  our  three  thermometers  then  indicate  the  same  tem- 
perature. Let  us  then  leave  one  of  the  vessels  containing 
the  metallic  thermometers  closed,  and  open  the  two  others. 
A^ry  delicate  instruments  and  very  minute  comparisons  are 
requisite  to  observe  and  measure  the  extremely  slight  sink- 
ing produced  in  the  metallic  thermometer  exposed  to  the 
sky ;  but  the  blackened  one  will  visibly  sink,  and,  after  some 
minutes,  will  indicate  three  or  four  degrees  less  than  the 
thermometer  in  the  closed  vessel, — an  evident  proof  that  this 
difference  is  owing  to  the  calorific  radiation  which  the  black- 
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ened  apparatus  vibrates  to  the  sky,  and  not  at  all  to  the  con- 
tact of  the  external  air,  which  takes  place  equally  on  it  and 
on  the  polished  metal  apparatus  of  the  other  exposed  ther- 
mometer. 

My  memoir  contains  the  detail  of  all  the  precautions  which 
it  is  necessary  to  observe,  in  order  to  obtain  the  comparative 
degrees  of  cold  produced  by  the  radiation  of  silver  and  lamp- 
black.  The  definitive  results  have  confirmed,  in  a  striking 
manner,  the  fact  lately  announced  to  the  Academy  by  MM, 
de  la  Provostaye  and  Desains,  namely,  that  the  emissive  power 
of  metals  is  much  less  than  has  hitherto  been  believed,  ac* 
cording  to  the  experiments  of  Leslie,  Dulong,  and  Petit.* 

*  The  radiation  of  lamp-black  being  equal  to  ICO,  laminated  silver  would 
radiate,  according  to  my  experiments,  about  3026.  MM.  de  la  Provostaye  and 
Desains  found  5'37  for  silver  precipitated  chemically  on  copper,  and  2*10  when 
this  precipitate  is  polished  with  the  burnisher.  According  to  them,  the  emis- 
sive power  of  silver  just  from  the  rollers  is  2-94  j  and  2*38  that  of  laminated 
and  burnished  silver. 

Observations  made  in  1838  led  me  to  this  result,  that  the  difference  of  radi- 
ating force  manifested  in  Leslie's  famous  experiment  on  the  two  faces  of  a  cube, 
the  one  smooth  and  polished,  the  other  rendered  more  or  less  rough  with  grooves, 
does  not  arise,  as  was  generally  believed  at  the  time,  from  a  variation  in  the 
mechanical  state  of  the  two  surfaces,  but  from  a  change  in  the  degree  of  density 
resulting  fi'om  the  operation,  by  means  of  which  the  smooth  surface  was  trans- 
formed into  a  rough  one.  This  proposition  appears  to  me  to  be  perfectly  esta- 
blished by  the  three  following  facts :  1.  The  variation  of  emissive  power  produced 
by  grooves  does  not  appear  much  exce^it  in  the  metals ;  marble,  jet,  and  ivory, 
grooved  or  polished,  always  radiate  with  the  same  energy.  2.  Silver  melted, 
and  cooled  slowly  in  moulds  of  sand,  polished  with  oil  and  charcoal,  and  then 
grooved  with  a  diamond  in  such  a  manner  as  to  compress  and  condense  the  bot- 
tom of  the  rays,  diminishes  instead  of  augmenting  its  radiating  force  in  passing 
from  the  polished  to  the  rough  state.  3.  This  same  kind  of  melted  and  polished 
silver  becomes  much  less  radiating  when  beaten  on  an  anvil,  or  passed  under 
the  laminoir. 

It  is  easy  to  see  that  the  experiments  of  the  skilful  natural  philosophers  above 
mentioned,  furnished  results  altogether  analogous,  and,  consequently,  shew  the 
same  thing ;  for  silver  precipitated  chemically  on  copper,  being  much  less 
dense  than  laminated  silver,  and  the  latter  being  inferior  in  density  to  bur- 
nished silver,  this  latter  property,  according  to  the  preceding  numbers,  is  in 
the  inverse  sense  of  the  corresponding  emissive  powers. 

The  only  difference  between  tlie  two  demonstrations  of  the  principle  is,  that 
my  measures  related  to  the  most  intense  emissive  i)Ower  of  silver,  while  those 
of  M\f.  Provostaye  and  Desains  referred  to  the  emissive  power  of  silver  and 
other  metals  relative  to  the  lamp-black. 

It  is,  perhaps,  to  this  unnoticed  difference,  or  some  other  inaccurate  data, 
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Thermoscopic  apparatus,  similar  to  those  I  have  described, 
having  the  protecting  armatures  covered  with  varnish,  pkim- 
bago,  glue,  saw-dust,  sand,  earth,  and  leaves  of  plants,  have 
invariably  shewn  a  very  sensible  sinking  of  temperature  be- 
fore becoming  moistened  with  dew  ;  the  interval  has  some- 
times been  many  hours  ;  often,  also,  there  has  been  a  lower- 
ing of  temperature  without  precipitation  of  vapour  at  any 
period  of  the  night.  This  latter  phenomenon  is  produced  the 
more  frequently  as  the  thermometers  were  placed  at  a  greater 
distance  from  the  ground.  By  operating,  therefore,  at  a  cer- 
tain elevation,  we  may  suppress  or  retard,  at  pleasure,  the 
deposition  of  dew  on  bodies,  and  perfectly  convince  ourselves 
that  it  always  follows,  never  precedes,  the  production  of  cold. 
Witlj  regard  to  the  polished  metallic  armatures  of  my  ther- 
mometers, I  have  never  seen  them  covered  with  condensed 
aqueous  vapour  in  very  humid  nights,  when  there  was  not 
a  trace  of  mist  in  the  atmosphere. 

It  thus  appears  that  dew,  properly  so  called,  always  re- 
quires a  certain  coldness  in  the  body  on  which  it  gathers, 
and  metals  exposed  to  a  clear  sky  are  not  covered  with  it, 
because  they  cool  only  in  a  very  trifling  degree.  But  may 
there  not  be  other  influences  which  prevent  the  precipitation 


that  we  ought  to  ascribe  the  historical  error  contained  in  the  Notes  presented 
by  these  gentlemen  to  the  Academy.  According  to  them,  the  relation  hitherto 
admitted  between  the  radiating  powers  of  metals  and  of  lamp-blacky  would 
result,  not  only  from  Leslie's  experiments,  but  also  from  mine,  and  from  that 
of  Petit  and  Dulong.  It  is  true  that  Dulong  and  Petit  have  found  numbers 
differing  but  little  from  the  relations  ascribed  by  Leslie  to  the  radiating  powers 
of  metals  and  lamp-black.  With  regard  to  myself,  I  am  not  occupied  with 
researches  of  this  nature.  The  only  questions  on  calorific  radiation,  considered 
as  to  its  origin,  which  appeared  to  me  to  require  further  illustration  by  means 
of  the  experiment  so  as  to  deserve  for  an  instant  the  attention  of  natural  philo- 
sophers, were,  the  above  mentioned  action  of  the  asperities  of  the  surface  of  a 
warm  body,  and  the  action  of  colour,  both  solved  in  the  negative ;  then  the 
influence  which  the  thickness  of  the  superficial  bed,  from  which  the  interior 
radiations  issued,  exercises  on  the  intensity  of  the  radiation ;  an  influence  which 
appears  to  me  suflRcient  to  account  for  the  enormous  difference  which  exists 
between  the  emissive  power  of  metals  and  that  of  other  bodies.  With  regard 
to  the  value  of  these  two  powers,  and  their  numerical  relation  as  resulting  from 
my  experiments,  any  one  may  readily  satisfy  himself  that  these  were  never 
taken  into  consideration  in  my  memoirs. 
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or  accumulation  of  dew  on  metals  ?  In  other  words,  is  the 
feeble  radiation  of  metals  the  only  and  true  cause  on  account 
of  which  these  substances  are  never  moistened  with  dew  % 

The  following  experiment  appears  to  me  to  decide  this 
question  completely,  and  it  demonstrates,  at  the  same  time, 
the  erroneousness  of  the  hypothesis  of  the  rising  or  falling 
of  dew,  as  well  as  the  truth  of  Wells'  principle. 

On  a  disc  of  tin,  of  a  single  piece  as  broad  and  thin  as  pos- 
sible, I  traced  a  concentric  circle  of  a  radius  equal  to  one- 
third  of  that  of  the  disc,  and  covered  it  with  a  thick  coat  of 
varnish.  I  then  cut  another  sheet  of  tinned  iron,  a  second 
disc  of  10  millimetres  narrower  than  the  varnished  circle ; 
and  having  soldered  to  its  centre,  and  perpendicularly  to  its 
surface,  the  extremity  of  a  wire  2  millimetres  thick,  and  from 
2  to  3  decimetres  long,  terminating  in  a  point  at  the  free 
extremity,  I  perforated  the  large  disc  with  a  small  central 
opening,  and  introduced  the  wire  into  it  on  the  side  of  the 
varnished  surface.  The  moveable  piece  was  then  pushed 
along  this  wire  till  its  distance  from  the  small  disc  was  re* 
duced  to  about  5  millimetres ;  it  was  then  fixed  in  this  posi- 
tion by  means  of  some  drops  of  solder. 

The  two  plates,  thus  united  into  a  single  system,  are  con- 
veyed in  the  evening  to  the  middle  of  the  fields,  and  left  for 
a  few  minutes  to  themselves  in  a  horizontal  position,  and  far 
from  the  contact  of  any  other  body.  If  the  night  be  calm 
and  clear,  we  then  easily  and  distinctly  see  dew  produced 
on  the  surface  of  the  large  disc. 

It  is  sufficient,  indeed,  to  remember  that  in  the  position  we 
are  supposing  the  two  discs  to  occupy,  the  smallest  is  upper- 
most, and  as  its  radius  is  5  millimetres  less  than  the  varnished 
circle  of  the  large  inferior  disc,  itTollows  that  an  annular 
band  of  this  circle,  5  millimetres  broad,  will  stand  out  h-round 
the  vertical  projection  of  the  roof  formed  over  it  by  the  small 
metallic  disc  above.  It  is  clear  that  this  band  will  radiate 
towards  the  sky,  will  diminish  its  temperature,  and  become 
covered  with  dew,  and  will  by  degrees  propagate  the  cold 
and  dew  consecutively  from  the  side  to  the  centre,  and  from 
the  side  to  the  circumference.  The  propagation,  however, 
will  go  much  further  in  the  latter  case,  for  the  points  cooled 
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by  communication  will  become  cold  by  radiation  when  they 
are  covered  with  dew,  while  the  varnished  points  placed  un- 
der the  small  disc  cannot  well  be  cooled  but  by  contact.  The 
central  part  of  the  varnished  circle  continues  always  dry,  and 
the  metallic  zone  which  surrounds  it  is  moistened  to  the  edge, 
if  the  atmosphere  be  excessively  humid. 

But  what  we  would  not  expect  at  first  sight  is  this, — ^tlie 
exact  reproduction  of  the  same  appearances  on  the  surface 
of  the  large  disc  turned  towards  the  ground.  The  dew  begins 
by  shewing  itself  on  this  surface  in  the  points  opposite  to  the 
small  annular  exterior  band  of  the  varnish,  and  we  perceive  a 
slight  whitish  circle,  which  appears  suddenly  on  the  obscure 
field  of  the  polished  metal,  reminding  us  of  the  daguerrian 
figures.  This  circle  becomes  stronger  and  dilates  by  degrees, 
sometimes  reaches  the  edges,  but  never  extends  to  the  cen- 
tral part,  which  always  preserves  its  dryness  and  metallic 
brilliancy,  like  the  corresponding  portion  of  the  other  side  of 
the  disc,  and  the  small  circular  roof  which  covers  without 
touching  it. 

•  This  experiment,  so  simple,  so  economical,  and  so  easy  to 
be  performed  even  by  those  who  have  never  handled  a  philo- 
sophical instrument,  is,  so  to  express  it,  a  speaking  synopsis 
of  the  discussion  of  natural  philosophers  on  the  origin  and 
nature  of  the  nocturnal  meteor  of  which  we  are  now  treating. 
Does  dew  fall  from  the  sky  1  No,  for  the  superior  disc  is 
always  dry,  and  the  largest  part  of  the  inferior  disc  moistened. 
Does  it  rise  from  the  ground  1  Assuredly  not,  for  if  the 
middle  part  of  the  surface  of  the  large  disc  turned  towards 
the  earth  be  covered  with  dew,  there  is  always  a  dry  and 
brilliant  space  towards  the  centre.  Do  metals  repel  the 
aqueous  vapour  which  constitutes  dew,  or  do  they  cause  its 
evaporation  as  it  is  precipitated  on  their  surface  1  Neither 
the  one  or  the  other,  for  you  see  metallic  parts  completely 
moistened,  and  other  parts  perfectly  dry. 

The  first  appearance  of  the  dew  on  the  band  covered  with 
varnish,  and  its  successive  propagation  to  the  adjacent  and 
opposite  parts  of  the  great  disc,  taken  in  connection  with  the 
i^inking  of  the  temperature  which  is  seen  in  the  varnislied 
apparatus  of  the  thermometers  exposed  to  the  air,  finally 
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proves  that  dew  is  a  pure  consequence  of  nocturnal  radia- 
tion, which  communicates  to  bodies  possessed  of  great  emis- 
sive power,  the  degree  of  cold  necessary  for  the  condensation 
of  the  elastic  and  invisible  aqueous  vapour  diffused  through 
the  atmosphere. 

Thus,  all  theso  facts  perfectly  accord  with  the  theory  of 
dew  adopted  by  writers  on  natural  philosophy  and  meteoro- 
logy. I  shall  now  mention  other  facts  which  cannot  well 
be  explained  by  this  theory,  but  which  connect  themselves 
very  happily  with  the  principles  of  Wells,  by  means  of  consi- 
derations which  I  shall  have  the  honour  to  submit  to  the  judg- 
ment of  the  Academy. 

I  now  proceed  to  develop  (says  M.  Melloni  in  his  second 
letter  to  M.  Arago*)  the  proposition  which  I  announced  at 
the  conclusion  of  my  former  communication,  namely,  that  al- 
though we  may  regard  the  principles  of  Wells  as  to  the  origiii 
of  dew  as  unquestionably  correct,  it  is  impossible  to  give  an 
account  of  all  the  thermometrical  and  hygrometrical  pheno- 
nomena  which  takes  place  in  the  night,  when  the  sky  is  clear 
and  the  atmosphere  tranquil,  unless  we  take  into  considera- 
tion a  new  circumstance  hitherto  entirely  neglected,  not- 
withstanding its  extreme  importance  in  the  nocturnal  cooling 
of  bodies.  But,  in  the  first  place,  allow  me  to  make  a  few 
observations  on  two  series  of  experiments  which  the  advo- 
cates of  the  rising  of  dew  from  the  earth  have  put  forward, 
with  the  allegation  that  they  are  sufficient  of  themselves  to 
overturn  all  the  theories  of  this  meteor  founded  on  calorific 
radiation. 

They  have  taken  a  certain  number  of  thermometers,  equal, 
as  far  as  possible,  in  size  and  sensibility.  Some  of  them  have 
been  coated  over  with  lamp-black,  varnish,  and  china  ink; 
others  were  gilded,  silverized,  covered  with  leaves  of  plants, 
of  pewter,  and  of  copper.  Thus  prepared,  these  instruments 
were  exposed  in  the  fields  during  a  calm  and  clear  night,  and 
they  indicated  at  first  temperatures  slightly  different ;  but, 
after  a  certain  interval  of  time,  all  of  them  at  last  nearly 

*  Comptcs  Remjus  dcs  Seances  do  rAcademie  4e9  Sciences,  tome  xxiv.,  No. 
15,  p.  641. 
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agreed.  The  experiment  was  varied  in  another  manner.  At 
the  extremity  of  glass  cylinders  planted  in  the  ground,  they 
fixed  horizontal  plates  of  zinc,  copper,  and  glass  ;  each  of 
these  plates  had  a  cavity  in  the  centre  in  which  the  bulb  of 
a  thermometer  was  plunged,  while  the  tube,  supported  by  a 
wire,  rose  vertically  above  the  superior  surface ;  a  thermo- 
meter, suspended  freely  between  these  plates,  was  intended 
to  measure  the  temperature  of  the  air.  In  this  case,  as  in 
the  former,  the  apparatus  employed  in  experiment  indicated, 
at  the  beginning  of  the  night,  calorific  differences,  which,  at 
a  later  hour,  disappeared ;  insomuch  that,  at  the  earliest 
dawn  of  the  following  morning,  all  the  thermometers  were 
found  at  heights  sensibly  equal. 

These  facts  appeared  to  the  opponents  of  Wells'  theory, 
completely  decisive  ;  and  they  thenceforward  maintained  that 
*'  the  pretended  nocturnal  cold  of  bodies,  indispensable  to  the 
formation  of  dew,  was  a  mere  chimera  !"  For  myself,  I 
should  affirm  that  if  anything  in  this  appears  imaginary  and 
fantastical,  it  will  be  found  in  the  reasoning  employed  in 
drawing  such  an  inference ;  for  the  experiments  'of  these 
gentlemen  were  made  near  the  ground,  in  an  atmosphere 
charged  with  humidity.  All  the  tubes  of  the  thermometers 
were  uncovered,  and,  in  the  last  mentioned  experiment,  the 
bulbs  of  the  thermometer  communicated  through  the  inter- 
mediate plates,  with  the  cylinders  which  supported  the  appa- 
ratus. Now,  the  glass  of  which  these  tubes  and  cylinders 
were  composed  radiates  considerably,  its  temperature  sinks, 
and  the  cold  thus  acquired  is  communicated  to  the  bodies  that 
touch  it :  the  latter  being  placed  in  a  very  humid  air,  then 
precipitate  the  aqueous  vapour ;  but  we  know  that  water  ra- 
diates and  cools  with  as  much  energy  as  glass,  varnish,  and 
lamp-hlack.  It  was,  therefore,  nothing  surprising  that  the 
thermometers  in  contact  with  the  plates  or  plateaux  of  metal 
indicated,  after  some  time,  the  same  temperature  as  the  ther- 
mometer surrounded  with  the  most  radiating  substances. 
From  the  circumstance  of  the  metallic  surfaces,  which  were 
found  covered  with  dew,  becoming  as  cold  as  the  vitrified  or 
blackened  surfaces,  it  might  well  follow  that  the  water,  glass, 
Sindiamp-dlack,  are  bodies  possessed  of  emissive  powers  sen- 
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sibly  equal ;  but  we  could  never  be  justified  in  inferring  lo- 
gically from  this  experiment,  that  metals  cool,  during  calm 
and  clear  nights,  as  much  as  lamp-black  and  glass. 

To  learn  the  true  state  of  things,  it  is  necessary,  therefore, 
to  discard  glass,  and  employ  as  substitutes,  slender  tubes  of 
tin  which  scarcely  radiate  at  all,  and  keep  the  thermometer 
sufficiently  insulated  from  the  heat  of  the  ground ;  it  is  re- 
quisite, besides,  to  cover  all  points  of  the  thermometer  with 
metallic  plates.  Thus,  these  plates  being  polished,  the  ther- 
mometer gives  as  near  as  possible  the  temperature  of  the 
air  ;  and  when  the  covering  is  varnished,  blackened,  in  con- 
tact with  leaves  of  vegetables  or  any  other  substances,  we 
obtain  the  degree  of  cold  produced  by  the  radiation  of 
this  substance,  by  a  simple  comparison  w4th  the  polished 
thermometer. 

By  means  of  instruments  thus  mounted,  I  have  convinced 
myself  that  the  leaves  of  plants,  glass,  and  varnish,  and 
lamp-blacky  always  cool,  during  calm  and  clear  nights,  from 
1  to  2  degrees  below  the  surrounding  air. 

On  observing  this  slight  diminution  of  temperature,  we 
might  be  tempted  to  believe  the  decrease  of  7  and  8  degrees, 
reported  by  Wilson  and  Wells,  to  be  greatly  exaggerated. 
But  if  we  consider  that  the  differences  obtained  by  the  two 
English  natural  philosophers  contain  an  element  foreign  to 
the  question  :  that  the  thermometers  used  for  measuring  the 
surrounding  temperature  were  raised  from  I""  30,  to  1™  60, 
while  the  instruments  enveloped  in  the  radiating  substance 
were  placed  near  the  ground,  it  is  easy  to  understand  to  what 
the  great  difference  between  their  results  and  mine  are 
owing. 

In  fact,  Pictet's  experiments  have  long  since  demonstrated, 
that  the  temperature  of  the  air  decreases  rapidly  during  calm 
and  clear  nights  as  we  approach  the  surface  of  the  earth.  The 
single  fact  of  this  decrease  ought  therefore  to  render  the 
temperature  of  the  radiating  substance  placed  near  the  ground 
inferior  to  that  of  the  air,  as  indicated  by  a  thermometer  ele- 
vated from  1™  30,  to  1"*  60  ;  so  that,  in  an  arrangement  of 
this  kind,  the  difference  of  the  two  instruments  in  no  degree 
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indicates  the  result  sought  for,  namely,  the  cooling  of  bodies 
below  the  ambient  medium. 

There  is,  however,  one  experiment  of  Wells'  in  which  a 
thermometer,  wrapped  about  with  wool,  placed  at  the  same 
level  with  a  free  thermometer,  gave  a  lowering  of  tempera- 
ture of  50°*3.  Here  the  wool  was  cooled  two  or  three  times 
more  than  the  lamp-black  in  my  experiments ;  but  I  know 
that  the  emissive  power  of  wool  is  not  greater  than  that  of 
lamp-black* 

In  order  to  determine  the  cause  of  this  extraordinary  cold 
observed  by  Wells,  it  was  necessary,  in  the  first  place,  to 
put  the  fact  beyond  doubt.  With  this  view,  having  enveloped 
one  of  my  thermometers  in  a  tuft  of  wool,  I  exposed  it  along 
with  two  others  of  the  same  dimensions,  one  of  which  was 
covered  with  lamp-black,  the  other  retained  its  metallic  bril- 
liancy, the  instrument  descended,  in  a  few  minutes,  double 
the  extent  of  the  blackened  thermometer.  A  fourth  instru- 
ment, enveloped  in  an  equal  quantity  of  wool,  condensed  and 
pressed  around  the  metallic  cover  by  means  of  some  rounds 
of  thread  of  the  same  substance,  gave  an  intermediate  cold 
between  the  two  preceding.  I  lastly  prepared  a  fifth  ther- 
mometer with  a  double  covering  of  fine  flannel,  and  it  sunk 
still  less  than  the  fourth.  I  repeated  these  experiments  by 
substituting  cotton  for  wool,  and  obtained  results  in  every 
respect  analogous,  I  then  perceived  that  the  superiority  of 
cotton  or  wool  over  lamp-black,  in  the  phenomena  of  noctur- 
nal refrigeration,  was  owing  to  a  certain  modification  intro- 
duced into  the  emissive  power  of  these  bodies  by  the  presence 
of  air  among  their  interstices. 

But  how  does  air  increase  the  cold  arising  from  radiation  % 
The  answer  is  simple  and  obvious.  We  have  known,  for 
many  years,  that  the  nocturnal  coldness  of  bodies  does  not 
vary  with  the  temperature  of  the  atmosphere.  Thus,  Cap- 
tains Parry  and  Scoresby  have  found,  that  during  the  calm 
and  pure  nights  of  the  polar  regions,  the  snow  cooled  about 
9  degrees  below  a  stratum  of  air  raised  from  1™  30  to  1™  60, 
when  the  atmosphere  was  from  —  25  or  —  30  degrees,  and  when 
its  temperature  is  very  near  zero.  M.  Pauillet  has  seen 
swan-down  descend  to  about  7°  under  the  temperatures  of 
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0^  and  of  25.°  For  my  own  part,  I  am  convinced  that  blackened 
or  varnished  thermometers  descend  with  a  constant  quantity, 
whatever  be  the  temperature  of  the  night.  Now  we  may 
conceive  that  tufts  of  cotton  or  wool,  placed  on  the  upper  part 
of  thermometrical  bulbs  under  the  action  of  a  clear  sky,  after 
having  become  cold  by  radiation,  will  communicate  the  cold 
they  have  acquired  to  the  surrounding  air,  which,  becoming 
heavier,  will  descend  in  the  interior  afterwards  to  fall  to  the 
ground  ;  but  this  condensed  air  will  always  require  a  certain 
time  to  disengage  itself  from  the  obstacles  which  arrest  it 
among  the  threads.  The  latter,  therefore,  will  be  surrounded 
with  a  colder  air  than  at  the  beginning  of  the  experiment ; 
and,  as  their  sinking  of  temperature  below  the  ambient 
medium  must  continue  invariable,  it  must  necessarily  happen 
that  they  will  cool  the  more.  This  increase  of  cold  will  cause 
an  additional  depression  of  temperature  in  the  medium  ;  the 
latter,  in  its  turn,  will  occasion  an  additional  cooling  in  tlie 
radiating  bodies,  and  so  on  consecutively,  until  the  weight 
acquired  by  the  condensed  air  release  it  from  the  obstacles 
which  opposed  its  escape  from  the  envelope. 

What  takes  place  with  small  quantities  of  cotton  and  wool 
artificially  placed  round  thermometers,  ought  to  occur  natu- 
rally in  many  circumstances.  In  point  of  fact,  plants  with 
downy  leaves  are  much  colder  than  such  as  have  smooth 
leaves.  The  temperature  of  grass  and  that  of  other  low 
plants  which  cover  fields,  descends,  in  consequence  of  this 
fHgorific  reaction  of  the  air,  much  below  that  of  elevated 
bodies,  on  account  of  the  neighbourhood  of  the  ground  which 
supports  the  ambient  medium,  and  forces  it  to  remain  in  the 
presence  of  radiating  surfaces.  In  reality,  the  stratum  of 
air  in  which  meadow-grass  is  placed,  is  by  no  means  immove- 
able ;  on  the  contrary,  it  whirls  about  exactly  like  the  water 
in  a  vessel  placed  upon  the  fire  ;  the  aerial  particles,  condensed 
by  the  cold  of  the  tops  of  the  grass,  descend  to  the  surface  of 
the  meadows,  are  warmed  by  contact  with  the  earth,  ascend 
again  towards  the  higher  parts  of  the  grass,  and  so  on ;  but  it  is 
evident  that,  notwithstanding  this  state  of  agitation,  they  at 
last  become  colder,  and  that,  in  order  to  maintain  itself  con- 
stantly in  a  colder  state  than  they,  the  gi'ass  must  cool  more 
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and  more,  and  this  circumstance  will  induce  a  gradual  re- 
frigeration, and  an  increasing  humidity  in  the  stratum  of  air. 

I  do  not  here  enter  into  the  details  necessary  to  shew  how 
the  principle  of  the  frigorific  reaction  of  the  air  serves  to 
explain  all  the  facts  which  precede  and  accompany  the  ap- 
pearance of  dew  in  meadows,  and  a  multitude  of  phenomena 
of  which  a  proper  account  could  not  hitherto  be  given.  But 
your  own  discernment  will  supply  this  want ;  and  I  shall  con- 
clude by  indicating  the  principal  questions  treated  of  in  the 
memoir,  which  I  shall  soon  have  the  honour  to  present  to  the 
Academy. 

I  may  say,  then,  that  besides  the  difficulties  of  which  I  have 
given  a  distinct  solution  in  these  two  letters,  my  new  experi- 
ments on  the  nocturnal  cooling  and  on  dew  have  enabled  me 
to  understand  perfectly,  1st,  The  distribution  of  temperature 
among  grass,  which  is  found  to  be  colder  in  the  night  among 
it  than  at  the  surface  of  the  meadow.  2d,  The  inversion 
of  the  ordinary  temperatures  of  the  atmosphere  near  the 
earth's  surface.  3d,  The  great  humidity  of  the  air  near 
plants,  from  the  first  instant  that  the  dew  begins  to  appear. 
4th,  The  injurious  action  of  the  least  breath  of  wind.  5th, 
The  formation  and  accumulation  of  dew  during  the  whole 
course  of  the  night.  6th,  Its  successive  propagation  from 
below  upwards.  7th,  The  small  quantity  of  dew  on  trees 
when  compared  with  grass  and  low  field  plants.  8th,  The 
disappearance  of  small  drops  of  dew,  which  sometimes  takes 
place  on  the  lower  parts  of  plants,  while  they  are  forming  on 
the  upper  parts.  9th,  The  variable  proportion  of  the  meteor 
in  the  different  seasons  of  the  year.  10th,  Its  general  distri- 
bution over  the  surface  of  the  globe.  11th,  The  great  differ- 
ence between  the  diurnal  and  nocturnal  temperatures  of  the 
torrid  zone.  12th,  The  absence  of  dew  in  the  small  islands 
of  Polynesia,  and  on  vessels  sailing  in  the  midst  of  large  seas. 
13th,  Its  abundant  formation  when  the  vessels  approach  cer- 
tain shores  of  continents.  14th,  The  sharp  cold  produced  in 
the  night  in  the  sandy  plains  of  central  Africa.  15th,  The 
natural  and  artificial  congelation  of  shallow  waters,  when  the 
temperature  of  the  atmosphere  is  from  5°  to  6°  above  zero, 
by  taking  into  account  the  indisputable  fact  that  water  does 
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not  cool  more  than  l''-5  in  consequence  of  its  direct  radia- 
tion. 

I  may  finally  add,  that  the  part  performed  by  stagnant  air 
in  the  phenomena  of  nocturnal  refrigeration,  appears  to  me 
to  have  modified  certain  experimental  data  which  have  been 
founded  on  for  calculating  the  temperature  of  space. 


On  the  Relations  rohich  exist  between  the  Phenomena  of  Er- 
ratic  Blocks  in  Northern  Europe  and  the  Elevations  of  Scaix- 
dinavia.    By  M.  Desor.* 

There  is  a  point  in  the  phenomena  of  boulders  not  hitherto 
presented,  which  appears  to  me  capable  of  throwing  much 
light  on  the  question  that  now  engages  our  attention  :  it  is  the 
examination  of  the  connection  which  subsists  between  the  erra- 
tic blocks  of  Northern  Europe  and  the  elevation  of  upraising 
of  Scandinavia.  These  relations  are  the  more  imnortant,  as 
they  admirably  explain  some  circumstances  whicli  are  pecu- 
liar to  the  erratics  of  the  north,  and  of  which  there  is  no  ex- 
ample in  Switzerland.  These  peculiarities  are  \st,  the  oc- 
currence of  polished  and  grooved  surfaces  beneath  the  pre- 
sent level  of  the  sea ;  2d,  the  existence  of  marine  shells  at- 
tached to  the  polished  rocks  at  a  height  much  above  the 
present  level  of  the  sea ;  So?,  the  presence  of  marine  shells 
in  the  midst  of  the  diluvium,  even  at  an  elevation  of  800 
feet ;  4«^,  the  osars,  or  ridges  of  boulders  and  stones  which 
contain  the  shells  of  the  Baltic. 

Among  the  phenomena  which  prove  so  fully  the  instability 
of  the  Scandinavian  soil,  there  are  some  facts  which  indicate 
the  rising  of  the  land,  while  others,  on  the  contrary,  at- 
test the  subsidence.  Thus  we  cannot  have  less  equivocal 
proof  of  an  elevation  of  a  country,  than  the  occurrence,  at  a 
great  height,  and  at  a  considerable  distance  from  the  coast, 
of  shells  now  inhabiting  the  adjacent  seas,  and  whose  perfect 
state  of  preservation  leaves  no  doubt  that  they  lived  where 
they  now  occur ;  for,  had  they  been  transported  by  a  current 

*  Communicated,  by  the  Author  through  Prof.  Agassiz,  to  Editor  of  the  Ame- 
rican Journal  of  Science  and  Arts,  May  1847. 
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or  any  other  violent  agent,  they  would  have  been  broken,  or 
at  least  much  worn.  But,  should  we  refuse  to  admit  the 
evidence  which  these  shells  offer,  we  cannot  deny  the  proof 
afforded  by  the  serpulas  of  Christiania  and  the  barnacles  of 
Uddevalla.  whose  shells  still  adhere  to  the  rocks  far  above 
the  sea. 

On  the  other  hand,  the  fact  tliat  the  striae  and  furrows  are 
continued  beneath  the  waters  of  the  sea,  attests  no  less  strongly 
that  at  a  certain  epoch  the  land  must  have  been  more  ele- 
vated than  now.  In  fact,  it  is  a  point  on  which  the  partizans 
of  different  hypotheses  are  nearly  agreed,  that  the  pheno- 
mena of  erratics  took  place  over  a  submerged  country.  Gla- 
ciers can  advance  only  as  far  as  the  limits  of  the  land.  We 
learn,  from  the  observations  of  M.  Martins,  that  even  the 
glaciers  of  Spitzbergen  do  not  project  beneath  the  sea  ;  for, 
as  the  temperature  of  the  water  is  above  that  of  ice,  it  melts 
the  glaciers  by  its  contact,  and  a  considerable  space,  equal 
to  the  height  of  the  tide,  separates  the  glacier  from  the  wa- 
ter.* 

But  if,  as  I  believe  I  have  sufficiently  proved,  the  polished 
surfaces  of  the  north  have  been  occasioned  by  immense  gla- 
ciers, which  have  transported  from  afar  the  erratic  blocks  of 
Scandinavia,  and  furnished  the  materials  of  the  diluvium  and 
of  the  osars^  it  follows,  that  the  whole  country  which  bears 
traces  of  scratches,  must  have  been  out  of  water  when  the 
glaciers  produced  this  polishing,  and  produced  the  striae  and 
furrows  which  we  now  see  there.  If  these  striae  were  exactly 
at  the  level  of  the  sea,  we  might  suppose  that  Scandinavia 
was  then  at  the  same  elevation  as  at  the  present  day*  But 
we  have  seen  numerous  cases  in  that  island,  in  which  the 
furrows  are  found  under  the  sea ;  from  which  facts  we  must 
conclude,  according  to  the  principles  laid  down,  that  the  land 
at  that  epoch  was  as  much  above  its  present  height  as  the 


*  In  order  that  glaciers  should  advance  upon  the  bottom  of  the  sea,  it  iS 
necessary  that  the  temperature  of  the  water  should  bo  below  zero  the  year 
through ;  but  such  a  climate  would  render  the  formation  of  glaciers  impossible. 
A  humid  atmosphere,  rather  than  a  severe  temperature,  is  necessary  to  the  ex- 
istence of  glaciers,  and  the  former  is  incompatible  with  the  temperature  of  a 
sea  constantly  below  zero. 
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striae  are  now  below  the  waters.  These  results,  although 
opposed,  are  not,  as  they  may  at  first  appear,  contradictory  ; 
and  it  is  here  that  the  observation  of  shells  completes  the 
study  of  erratic  phenomena,  properly  so  called,  by  shewing 
us  the  chronological  order  of  these  events.  In  fact,  the  bar- 
nacles of  Uddevalla,  and  the  serpulas  of  Christiania,  which 
are  found,  the  former  at  the  height  of  200,  and  the  latfcer  of 
170  feet  above  the  sea,  prove  irresistibly  that  the  coast  has 
sunk  in  those  places ;  the  fact  that  these  animals  are  ad- 
hering to  striated  rocks,  shews  not  less  certainly  that  the 
rocks  were  dry  before  these  animals  were  living  there  ; 
whence  I  read  this  double  conclusion,  1^/,  that  the  graving  of 
tlie  rocks  was  anterior  to  the  epoch  of  the  barnacles  and  ser- 
pulas ;  and,  2d,  that,  to  receive  these  animals,  the  coasts  of 
Uddevalla  and  Christiania  must  have  sunk  as  far,  at  least,  as 
would  be  equivalent  to  the  actual  height  of  these  fossils. 

But  the  barnacles  and  serpulas  are  not  the  only  proofs  of 
this  subsidence.  At  a  much  greater  height  we  find  shells, 
over  these  polished  and  striated  rocks,  imbedded  in  the  dilu- 
vium ;  and  as  the  species  are  in  general  indigenous,  and  pro- 
bably contemporaneous  with  the  serpulas  and  barnacles,  it 
follows,  of  course,  that  the  submergence  must  have  been  con- 
siderable, and  equal,  at  least,  to  the  site  of  the  highest  shells 
of  the  diluvium  (800  feet).  This  submergence  must,  conse- 
quently, have  taken  place  between  the  epoch  of  the  furrowing 
and  the  stratification  of  the  diluvium.  At  that  time,  the  gla- 
ciers having  quitted  the  plain  to  retire  to  the  interior  moun- 
tains, the  waters  of  the  sea  invaded  the  low  country  of  Scan- 
dinavia, surrounding  the  solid  masonry  of  the  Scandinavian 
mountains  with  an  ocean  to  which  we  shall  be  able  to  fix 
some  approximate  limit  when  we  are  acquainted  with  the 
boundaries  of  the  region  of  diluvial  shells.  In  passing,  I 
would  remark,  that  the  analogy  of  the  erratic  blocks  of  Fin- 
land with  those  of  Scandinavia,  allows  us  to  believe  that  at 
that  time  the  Gulf  of  Bothnia  was  not  separated  from  the 
Arctic  Sea. 

We  have  no  means  of  determining  the  length  of  time  which 
elapsed  between  the  retiring  of  the  glaciers,  and  that  sub- 
siding of  the  land  which  led  to  the  invasion  of  the  sea.  How- 
ever the  perfect  preservation  of  the  polishing  beneath  the 
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diluvium,  would  seem  to  prove  that  the  period  could  not  have 
been  long.  Nowhere  are  the  grooves  and  scratches  more 
distinct,  than  where  they  have  been  uncovered  by  removing 
the  diluvium  ;  they  usually  form  a  striking  contrast  with  those 
rounded  rocks,  whose  surface  has  been  for  a  long  time  exposed 
to  the  wearing  effects  of  the  atmosphere.*  But  as  we  have  no 
reason  to  suppose  that  the  action  of  the  atmospheric  agents 
was  formerly  less  energetic  than  now,  I  am  compelled  to  be- 
lieve that  the  preservation  of  the  polished  surfaces  under  the 
diluvium,  is  owing  to  their  having  been  exposed  only  a  com- 
paratively short  time  to  wear  from  these  agents.  It  is  even 
probable  that  the  invasion  of  the  sea  was  one  of  the  causes 
which  have  been  active,  if  not  decisive,  in  the  destruction  of 
the  great  glaciers.  It  explains,  at  the  same  time,  the  colder 
character  of  the  diluvial  fauna ;  for  a  mass  of  ice  so  con- 
siderable could  not  be  melted  without  materially  chilling 
the  waters  which  bathed  it.  The  cold  having  slowly  disap- 
peared, the  temperature  would  have  been  gradually  elevated, 
and  the  fauna  of  the  waters  would  take  by  degrees  the  more 
temperate  character  which  distinguishes  it  at  the  present 
day. 

To  this  epoch  of  the  invasion  of  Scandinavia  by  the  waters 
of  the  sea,  we  should  refer  the  arrangement  in  beds  of  the 
mud,  sand,  and  gravel,  which  the  great  glacier  has  left  in 
place,  in  testimony  of  its  ancient  extent.  The  action  of  waves 
coming  in  upon  this  moveable  soil,  has  here  overturned  and 
heaped  up  the  debris  of  marine  life  upon  the  shore,  where 
the  remains  are  found  mingled  with  scratched  rocks  and  peb- 
bles. If  such  is  really  the  origin  of  these  deposits,  there  is 
no  reason  for  surprise  that  the  scratched  pebbles  should  be 
so  numerous.  The  waves,  in  striking  them  against  each 
other,  would  wear  them  more  or  less  ;  and  if  blocks  of  a  con- 
siderable size  have  generally  better  preserved  their  markings 


*  We  may  believe,  that  if,  after  a  new  deluge,  the  boulders  which  are  at 
present  exposed,  should  be  covered  again  with  gravel,  the  geologists  of  future 
ages  would  have  much  more  trouble  in  ascertaining  the  causes  which  have  i)ro- 
duced  the  eflfects,  than  we  have  at  the  present  day,  aided  as  we  are  by  the  pre- 
sorvations,  frequently  admirable,  of  the  polishing,  furrows,  and  fine  strife. 


Erratic  Blocks  of  Northern  Europe.  145 

than  the  pebbles,  it  is  because,  from  their  weight,  they  were 
less  exposed  to  being  moved  and  rolled.  It  is  very  natural  in 
Switzerland,  where  the  action  of  the  waters  has  been  less 
manifest  and  less  prolonged,  that  the  striated  pebbles  should 
be  more  numerous.  Thus  you  do  not  find  there,  or  only  oc- 
casionally, distinct  beds  in  the  properly  glacial  deposits. 
Those  which  are  met  with,  ordinarily  occur  in  the  neighbour- 
hood of  torrents.* 

After  this  epoch  of  immersion,  even  the  proximate  dura- 
tion of  which  it  is  impossible  at  present  to  ascertain,  the 
country  of  Scandinavia  was  again  elevated.  The  shores  bor- 
dering the  high  central  regions,  the  plains  of  Sweden,  and 
those  of  Finland,  were  successively  raised  from  the  bosom  of 
the  waters,  bringing  back  with  them  to  the  surface  the  same 
mud,  the  same  diluvial  gravel,  which  had  been  deposited  by 
the  glaciers,  and  which  had  undergone  no  other  change  in 
the  interval  than  that  of  being  irregularly  stratified  and 
mingled  with  shells.  The  depressions  of  the  land  alone  re- 
mained covered  with  water,  and  formed  the  lakes  of  Sweden 
and  Finland,  as  well  as  the  Gulf  of  Bothnia.  The  last,  iso- 
lated from  the  ocean  by  the  uprising  of  the  intermediate 
land,  has  lost,  by  degrees,  its  saltness  ;  and  this  explains  the 
character  of  its  fauna,  which  is  rather  the  fauna  of  brackish 
water  than  that  of  the  sea.  The  interior  lakes,  also,  were 
transformed  completely  into  fresh  water,  and  here  and  there 
may  parhaps  be  found  some  indications  of  their  ancient  con- 
dition. It  appears  that  certain  fishes,  in  particular,  have  re- 
sisted these  changes  in  the  water;  and,  according  to  re- 
searches of  Scandinavian  zoologists,  especially  of  Mr  Esmark, 
the  trout  of  Swedish  lakes  {Salmo  trutta^  L.)  is  only  a  species 
of  salmon,  like  the  Salmo  salar,  L.  But  as  the  salmon  of  the 
coast  does  not  ascend  into  the  lakes,  we  are  naturally  led  to 
the  conclusion,  that  this  fish  has  resisted  the  modifications 
that  have  occurred  where  it  dwells.  The  emersion  of  land 
does  not  take  place  alike  in  all  parts ;  the  beautiful  observa- 
tions of  Messrs  Keilhau  and  Bravais  upon  the  ancient  marks 
of  the  level  of  the  Scandinavian  sea,  teach  us  that  there  it  was 

*  Voy.  Rod.  Blanchet,  Terrain  erratique  alluvien  du  Oassin  du  Leman. 
VOL.  XLTII.  NO.  LXXXV. — .TULY  1847.  K 
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not  uniform  throughout.  Finally,  if  it  is  true  that  the  osars, 
which  may  be  traced  a  long  distance  into  the  interior,  and 
whose  mode  of  formation  we  have  explained  above,  indicate 
successive  sea-shores,  it  follows  that  the  Gulf  of  Bothnia  was 
once  much  larger  than  at  present.  A  large  belt  of  coast  now 
under  cultivation,  was  then  under  water,  and  only  gradually 
became  elevated. 

This  successive  retreat  of  the  waters  has  taken  place  mostly 
during  the  present  epoch,  as  undeniable  traces  of  man*  are 
found  in  the  interior  of  osars.  It  is  probable  that  during  this 
period  of  slow  emersion,  there  lived  in  Scandinavia  a  pri- 
mitive people,  an  entirely  different  race,  as  their  osteology 
indicates,  from  that  of  recent  Scandinavia,  and  whose  skele- 
tons are  found  in  the  peat  beds  mingled  indiscriminately  with 
those  of  animals,  some  of  which  have  completely  disappeared 
from  the  surface  of  the  earth,  such  as  the  Bos  urus,  and 
others,  which  are  no  longer  known  in  the  same  countries,  as 
the  rein-deer,  t 

Conclusion. — It  follows,  from  the  preceding  considerations, 
that,  whilst  the  upheavals  of  Scandinavia  are  of  great  im- 
portance in  the  study  of  erratic  blocks,  the  latter  furnish  us, 
in  their  turn,  with  valuable  hints  as  to  the  time  and  the  geo- 
logical bearing  of  these  elevations.  I  have  shewn  that  the 
elevations  are  not  confined  to  the  historical  epoch,  but  extend 
far  back  into  the  period  of  the  diluvium.  On  the  other  hand, 
we  learn,  from  the  same  examinations,  that  these  elevations 
have  not  been  continuous ;  that,  on  the  contrary,  they  were 
intermitting  and  in  sweeps,  since  the  land  is  successively 
raised  and  depressed.  We  have  distinguished,  in  this  con- 
nection, three  principal  points  ;  1^^,  an  epoch  when  the  land 
was  higher  than  now,  the  epoch  of  the  glaciers ;  2d,  a  gene- 
ral sinking  of  the  plains  of  Scandinavia,  bringing  with  it  an 
irruption  of  the  sea ;  Sd,  the  rising  of  the  same  plains,  which 
is  even  now  in  operation. 

♦  See  Lyell  upon  the  proofs  of  a  gradual  elevation  of  the  soil  in  certain  parts 
of  Sweden. 

t  I  am  indebted  to  the  beautiful  \voik  of  Messrs  Wilson  and  Eschricht  for 
these  details. 
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Each  of  these  periods  must  have  had  a  considerable  dura- 
tion. We  can  readily  believe  that,  w^hile  an  agent  is  acting 
so  slowly  that  a  glacier  might  transport,  for  hundreds  of 
leagues,  the  stones  and  gravel  taken  from  the  Norwegian 
mountains,  a  long  time  must  have  been  required,  whose  mi- 
nimum of  years  would  be  thousands,  if  the  movement  of  gla- 
ciers, in  our  day,  be  regarded  as  a  criterion. 

The  second  period  must  have  been  at  least  as  long,  if  we 
consider  the  time  required  for  the  existence,  propagation,  and 
death  of  an  entire  fauna,  whose  numerous  remains  are  found 
upon  a  land  once  submerged. 

Finally,  the  third  period  comprehends  the  historical  epoch, 
when  the  country  was  inhabited  by  the  foreign  race  whose 
remains  are  discovered  in  the  peat  beds. 

It  follows,  therefore,  that  the  glacier  epoch  is  not  merely 
an  accident  in  the  history  of  our  globe,  but  it  embraces  a  long 
period,  the  more  important  to  the  geologist,  that  it  is  the 
connecting  link  between  the  antediluvial  times  and  the  his- 
torical era. 


On  the  Meaning  originally  attached  to  the  term  **  Cambrian 
System,"  and  on  the  evidence  since  obtained  of  its  being  geo- 
logically synonymous  with  the  previously  established  term 
"  Lower  Silurian."  By  Sir  Roderick  I.  Murchison, 
G.C.St.S.,  V.P.G.S.,  F.II.S.,  &c. 

["  By  such  proofs  (organic  remains)  we  are  enabled  to  distinguish  the 
Silurian  deposits  from  all  others  previously  described,  and  through  every 
lithological  change  we  can  thereby  separate  the  System  into  Upper  and 
Lower  divisions." — Silurian  Syst.,  p.  9.] 

In  a  communication  upon  the  Silurian  rocks  of  Sweden,  published 
in  the  preceding  number  of  the  Quarterly  Journal  of  the  Geological 
Society,  I  stated  my  objections  to  some  opinions  of  Professor  Sedg- 
wick, contained  in  the  previous  volume,  which  suggested  a  re-arrange- 
ment of  the  recognised  divisions  of  the  Upper  and  Lower  rocks  of 
the  Silurian  system.  I  was  then  chiefly  called  upon  to  point  out 
the  inapplicability  of  the  proposal  to  remove  the  Wenlock  formation 
(or  a  great  part  of  it)  from  the  Upper  to  the  Lower  Silurian ;  for 
even  down  to  last  year  Professor  Sedgwick  had  invariably  spoken  of 
all  the  lower  palaeozoic  fossils  of  North  Wales  and  Cumberland  as 
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belonging  to  one  or  other  of  those  natural  divisions.*  In  a  word, 
the  Upper  and  Lower  Silurian  fossils  published  by  me  had  been  ap- 
pealed to  by  him  as  the  types  by  which  he  worked  out  their  equiva- 
lents in  the  above  slaty  tracts  ;  and  even  in  his  memoir  published 
in  1846,  he  still  divided  the  older  pala30zoic  rocks  of  our  island  into 
Upper  Silurian,  Lower  Silurian,  and  Cambrian. "j"  In  the  memoir, 
however,  which  he  read  at  the  last  meeting  of  the  Geological  Society, 
Professor  Sedgwick  took  a  new  course,  for  which  I  was  unprepared 
by  his  previous  publications.]:  After  indicating  the  order  of  the 
strata  in  and  beneath  the  Bala  limestone,  he  now  puts  forth  what  I 
can  only  understand  as  this  general  proposition,  viz.,  that  although 
the  fossil  type  of  such  rocks  is  essentially  what  he  and  others  had 
recognised  as  "  Lower  Silurian,"  the  term  "  Cambrian"  ouoht  in 
preference  to  be  applied  to  them,  because  a  succession  of  great  phy- 
sical masses  exists  in  North  and  South  Wales,  which  is  not  developed 
in  the  tracts  formerly  described  in  the  Silurian  region.  In  this  way, 
the  term  Lower  Silurian  would  be  suppressed,  and  the  Silurian  sys- 
tem, deprived  of  its  lower  half  would  be  split  up  into  two  systems  of 
fossiliferous  strata  beneath  the  Devonian,  instead  of  continuing  to  be 
one  natural  series  divided  into  two  groups,  as  first  established  in  Bri- 
tain, and  subsequently  extended  to  other  parts  of  Europe. 

Painful  as  it  is  to  me  to  oppose  my  distinguished  associate, — the 
friend  with  whom  I  have  so  often  co-operated,  and  to  whom  I  dedi- 
cated the  "  Silurian  System,"  I  am  compelled  to  resist  a  proposition, 
the  adoption  of  which  would,  I  conceive,  be  productive  of  great  dis- 
service to  the  progress  of  geology ;  and  he  must  therefore  excuse  me 
if  I  defend  the  ground  of  Caractacus,  with  a  pertinacity  approaching 
to  that  of  the  old  Silurian  chief. 

I  shall  therefore  treat  this  question  under  the  following  heads : — 
the  origin  of  the  terms  "  Silurian"  and  "  Cambrian" — the  nature 
and  progress  of  the  classification  to  which  the  term  "  Silurian"  re- 
ferred, whether  in  Great  Britain  or  the  continent, — and  the  effects  of 
the  adoption  of  the  proposed  change  upon  geological  science.' 

After  labouring  during  four  years  in  certain  Welsh  and  English 
counties,  in  which  I  had  traced  out  and  defined  a  succession  of  fos- 
siliferous deposits,  from  the  base  of  the  old  red  sandstone  down  to 
certain  older  rocks  then  called  "  slaty  greywacke,"  I  was  urged  by 
many  geologists  to  designate  such  rocks  by  a  distinct  name.  Ac- 
cordingly in  June  1835,  J  I  applied  to  them  the  term  "  Silurian  Sys- 


*  See  Quarterly  Journal  Geol.  Sec,  vol.  i.,  p.  1 ;  No.  4,  p.  442  ;  vol.  ii.,  p.  106. 

t  Ibid.,  vol.  ii.,  p.  130. 

}  Let  no  one  suppose,  that  in  consequence  of  the  divergence  of  our  present 
views  on  a  point  of  geological  nomenclature,  there  has  been  the  slightest  ces- 
sation of  friendly  intercourse  between  us.  Professor  Sedgwick  wrote  to  nie 
four  months  indeed  before  his  memoir  was  read,  and  candidly  explained  his 
opinions. 

+  Phil.  Mag.,  June  1835,  vol.  vii.,  p.  50. 
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tem,'*  thereby  to  distinguish  a  series  of  strata  several  thousand  feet 
thick,  and  having  a  general  community  of  fossil  characters  within  the 
ancient  British  kingdom  of  the  Silures.  These  I  divided  into  two 
groups,  the  Upper  consisting  of  the  Ludlow  and  Wenlock,  the  Lower 
of  the  Caradoc  and  Lhindeilo  formations ;  the  chief  or  typical  fossils 
of  each,  being  identified  or  named  by  Mr  James  Sowerby  and  my- 
self, were  then  enumerated  in  tables.* 

At  that  time  the  word  *'  Cambrian"  was  unknown,  and  it  origi- 
nated in  the  following  manner .f  In  a  published  diagram  of  suc- 
cession, the  Upper  and  Lower  Silurian  rocks  were  represented  as 
reposing  on  unconformable  strata  which  were  termed  **  slaty  grey- 
wacke,"  which  was  meant  to  represent  certain  inferior  unfossiliferous 
rocks  (like  those  of  the  Longmynd  range  of  Shropshire).  Now, 
on  sending  a  copy  of  my  new  classification  to  M.  Elie  de  Beaumont, 
that  eminent  geologist,  wishing  to  mark  strata  separated  by  lines  of 
dislocation  by  separate  names,  suggested  the  propriety  of  further 
distinguishing  those  last-mentioned  unconformable  and  inferior  rocks 
by  the  term  "  Hercynian,"  as  taken  from  the  Hartz  mountains  in 
Germany,  where,  as  he  then  believed,  the  oldest  slaty  group  would 
prove  to  be  of  higher  antiquity  than  the  strata  to  which  I  had  ap- 
plied the  word  "  Silurian."  Unwilling  that  the  name  for  these 
infra-Silurian  rocks  should  be  taken  from  a  foreign  country,  in  which 
no  precise  palaeozoic  horizon  had  then  been  fixed,  I  at  once  urged 
Professor  Sedgwick  to  apply  to  his  slaty  rocks,  which  were  confidently 
believed  to  be  inferior  to  my  own,  some  term,  on  the  same  geogra- 
phical principle  by  which  1  had  been  governed  in  proposing  *'  Silu- 
rian." I  even  ventured  to  suggest  the  word  "  Snowdonian,"  because 
I  knew  that  my  friend  then  considered  the  NW.  portion  of  the 
Welsh  chain  to  be  made  up  of  the  oldest  fossiliferous  masses ;  but 
preferring  a  more  comprehensive  geographical  name,  he  took  that  of 


*  Even  at  that  early  period  I  guarded  against  the  possible  inference  that  the 
mineral  masses  so  defined  were  to  be  viewed  as  persistent.  I  shewed,  for  ex- 
ample, that  in  some  tracts  tlie  lower  division  exhibited  great  thickness  of  sand- 
stone beneath  flags  and  limestone ;  in  others  vice  versa.  The  same  was  ex- 
plained at  greater  length  in  the  work  subsequently  published  (1839),  wherein 
the  evanescence  of  mineral  types  being  indicated,  it  was  maintained  that  the 
fossils  alone  could  truly  indicate  the  age  of  the  strata.  This  fact  is  now  men- 
tioned, because,  notwithstanding  all  my  caution,  it  has  recently  been  stated, 
that  flagstone  beds,  with  Asaphus  Buchii  occasionally  lie  above  sandstone  to 
which  the  word  "  Caradoc"  may  be  applied.  My  classification,  I  repeat,  was 
never  based  on  such  mineral  succession ;  for  whether  the  lower  rocks  were  flag- 
like and  calcareous,  sandy  or  quartzose,  schistose  or  slaty;  whether  the  upper- 
most bed  was  sandstone  and  the  lowest  schist,  or  the  reverse  ;  their  age  was 
alone  to  be  determined  by  their  imbedded  fossils.  And  as  to  the  mineral  base,  I 
will  cite  my  own  words  : — "  Although  the  calcareous  flags  of  Llandeilo,  with 
their  accompanying  schists  are  considered  to  form  the  base  of  the  Silurian  sys- 
tem, their  place  is  sometimes  taken,  often,  indeed,  they  are  underlaid,  by  sand- 
stones of  considerable  thickness." — (Sil.  System,  p.  8.) 
t    See  also  Sil.  Syst.,  p.  8. 
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"  Cambrian."  With  this  arrangement  we  both  felt  certain,  that  no 
anomaly  could  be  introduced  into  the  lower  palaeozoic  classification, 
as  the  relations  and  fossil  contents  of  mineral  masses  which  were 
contiguous  must  be  eventually  cleared  up,  without  fear  of  error,  or 
the  introduction  of  theoretical  views. 

The  word  "  Cambrian"  (as  far  as  I  know)  was  first  used  in  print 
by  myself  in  the  year  1836,  in  describing  the  structure  of  Pembroke- 
shire. But  whilst  I  then  spoke  generally  of  such  Cambrian  rocks, 
and  afterwards  at  greater  length  in  my  large  volume,  their  analysis 
and  examination  formed  no  part  of  my  scope ;  that  task  having  been 
specially  undertaken  by  Professor  Sedgwick,  at  a  time  when  I  really 
believed,  that  from  their  great  thickness,  apparent  inferiority  and 
different  lithological  structure,  they  would  be  found  to  contain  a  suite 
of  organic  remains  distinct  from  those  I  had  called  "  Lower  Silu- 
rian." Improving  in  the  following  years  the  description  of  the  Silu- 
rian region,  and  having  completed  as  well  as  I  could  by  my  own  la- 
bours (aided  by  a  few  kind  friends  resident  in  the  country),  the  col- 
lection of  its  typical  fossils,  I  published  in  1839  the  "  Silurian  Sys- 
tem," as  founded  on  my  own  researches.  This  work  was  accom- 
panied by  a  map,  which,  as  far  as  the  parts  coloured  Silurian  are  con- 
cerned, has,  I  believe,  been  found  little  fault  with ;  the  distinctions 
of  the  Upper  and  Lower  Silurian  rocks,  with  their  subordinate  for- 
mations (all  perfectly  conformable,  be  it  observed,  to  each  other) 
being  accurately  laid  down  in  reference  to  other  overlying  deposits. 
But  notwithstanding  the  labour  bestowed  upon  it,  this  map  was  ne- 
cessarily very  defective  in  the  boundary-line  between  the  typified 
Lower  Silurian,  and  the  wntypified  Cambrian  rocks.  In  the  northern 
part  of  the  map  that  line  was,  indeed,  for  the  most  part  inserted,  at 
my  request,  by  Professor  Sedgwick  himself  ;*  and  in  Central  and 
South  Wales  it  indicated,  according  to  my  view,  little  more  than  that 
to  the  west  of  it,  the  so-called  Cambrian  rocks  were  then  neither 
zoologically  nor  physically  explored — a  task  which,  as  repeatedly  an- 
nounced to  the  Geological  Society,  and  expressly  declared  in  my 
work,  wa^  left  exclusively  to  Professor  Sedgwick.  But  although  it 
was,  so  to  speak,  a  point  of  honour  with  me  not  to  trench  upon  the 
privileges  of  the  eminent  geologist  who  had  engaged  to  describe  the 
Cambrian  region,  I  can  truly  say,  that  I  repeatedly  urged  him  to 
determine  the  organic  remains  of  those  slaty  rocks  ;  for  I  then 
thought,  I  repeat,  that  they  would  be  found  to  be  in  that  manner 
essentially  distinguished  from  my  Silurian  types.  Years,  however, 
rolled  on,  and  this  desirable  end  was  not  accomplished ;  and  no 
peculiar  fossils  having  to  this  day  been  published,  the  Cambrian 
system  consequently  remained  without  organic  characters  of  its  own. 
It  was,  in  fact,  a  great  physical  mass  without  the  vitality  of  a 
system. 

'''  -See  de£criptlou  of  the  map,  >Sil.  Syst.,  p.  xxix. 
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All  that  I  knew  of  the  fossils  of  the  co-called  Cambrian  rocks,  at 
the  period  of  the  publication  of  my  work  was,  that  the  chief  forms 
which  occurred  in  their  Eastern  or  upper  division,  as  at  Bala,  were 
specifically  the  same  as  my  Lower  Silurian  types, — a  strong  proof 
that  there  was  a  gradual  transition  from  the  one  to  the  other,  and  that 
ths  boundary-lino  drawn  upon  my  map  between  the  tracts  named 
Siluria  and  Cambria  was  merely  provisional,  and  had  been  laid  down 
on  no  fixed  geological  principle.  Thus,  in  speaking  of  some  of  these 
Bala  fossils,  my  words  were,—"  As  these  shells  abound  also  in  the 
Lower  Silurian  rocks,  it  would  seem  that  as  yet  no  defined  line  of 
zoological  division  occurs  between  the  Lower  Silurian  and  Upper 
Cambrian  group ;  and  that  as  our  knowledge  extends^  we  may  pro- 
bably fix  the  lowest  limit  of  the  Silurian  beneath  the  line  of  demarca- 
tion which  has  for  the  present  been  assumed  "*  Surely  woi'ds  could 
not  more  explicitly  shew,  both  that  the  boundary-line  marked  in  the 
map  was  not  a  natural  limit,  but  simply  a  geographical  (not  a  true 
geological)  line  which  ran  between  my  working-ground  and  that  of 
Professor  Sedgwick;  whilst  they  clearly  indicated  my  belief,  that  the 
Silurian  system,  as  distinguished  by  its  fossils,  would  probably  be  car- 
ried further  downwards  when  the  region  should  have  been  thoroughly 
explored. 

In  fact,  the  problem  to  be  then  solved  was — whether  the  enormous 
masses  of  rock  which  seemed  to  rise  out  from  beneath  the  Bala  beds 
would  bo  found  to  contain  a  distinct  group  of  organic  life  \  If  not, 
I  for  one  should  never  have  thought  of  considering  them  as  consti- 
tuting a  system  equivalent  to  the  Silurian. 

In  the  mean  time,  other  geologists  began  to  occupy  themselves  in 
North  and  South  Wales.  Mr  Bowman  made  an  excellent  addition 
to  our  acquaintance  with  the  former,  by  shewing  the  exact  equiva- 
lents of  some  of  my  Upper  Silurian  strata  in  Denbighshire;  and  whilst 
Professor  Sedgwick  was  renewing  his  labours,  Mr  Sharpe  also  entered 
the  Welsh  arena,  and  contributed,  as  the  Society  knows,  many  new 
and  valuable  data.  But  whoever  was  the  inquirer,  no  fossils  were 
reported  or  heard  of  but  "  Silurian."  In  South  Wales,  Sir  H.  de  la 
Beche  and  the  Government  Surveyors  shewed,  that  the  rocks  of 
certain  quartzose  and  slaty  tracts  which  had  been  loosely  mapped 
as  Cambrian  by  myself,  were,  in  truth,  physically,  as  well  as  zoolo- 
gically, the  same  Lower  Silurian  strata  I  had  described  on  their 
eastern  and  southern  frontier,  and  that  thus,  with  the  exception  of 
certain  limited  districts  occupied  by  very  ancient  unconformable  grey- 
wacke  void  of  fossils,  as  at  St  David's,  &c.  (like  that  of  the  Longmynd 
in  Shropshire),  the  lowest  fossiliferous  strata  in  South  Wales  were  all 
conformable  and  connected  masses.  Even  in  a  geographical  sense, 
therefore,  the  question  whether  the  so-called  Cambrian  rocks  could 
be  characterised  by  peculiar  fossils,  seemed  to   be  thus  narrowed 

*  Sil.  Syst.,  vol.  i.,  p.  308. 
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to  the  space  included  between  Cader  Idris,  the  Menai  Straits  and 
Bala. 

Having  satisfied  myself  in  1842,  in  company  with  Count  Key- 
serling,  that  the  prominent  fossils  in  the  rocks  of  Snowdon  were 
nothing  but  published  species  of  Lower  Silurian  Orthidse  with  simple 
plaits,  I  next  learnt  from  Professor  Sedgwick  himself,  that  he  could 
discover  no  types  differing  from  the  Lower  Silurian  in  any  tracts  of 
North  Wales  or  Cumberland.  Referring,  indeed,  to  his  works,  as 
well  as  to  those  of  Mr  D.  Sharpe,  it  was  evident  that  whatever  dif- 
ferences of  opinion  might  exist  between  those  authors  concerning 
points  of  structure,  the  arrangement  of  the  masses  or  their  geogra- 
phical boundaries,  they  both  agreed  as  to  the  persistence  of  known 
and  published  Silurian  types  through  many  of  the  lower  slaty  strata 
of  North  Wales  and  the  Lake  Country.  Thus  fortified  by  the  as- 
surances of  my  contemporaries,  including  the  Surveyors  of  the  Go- 
vernment, and  by  personal  visits  to  North  Wales,  Westmoreland,  and 
Cumberland,  I  ventured  to  comment  on  the  facts  in  my  Address  to 
the  Geological  Society  in  1843,  broadly  stating,  that  as  the  whole  of 
the  fossiliferous  series  of  North  Wales  seemed  to  exhibit  no  vestiges 
of  animal  life  different  from  those  of  the  Lower  Silurian  group,  the 
tract  must  henceforward  be  considered  of  that  age.  It  was  on  this 
principle  that  I  then  coloured  a  geological  map  of  England,  at  the 
request  of  the  Society  for  the  Diffusion  of  Useful  Knowledge. 

In  the  mean  time,  however,  though,  for  the  reason  before  assigned, 
I  had  taken  little  part  in  the  local  question  of  what  might  be  termed 
Cambrian,  as  distinguished  from  Lower  Silurian  (leaving  that  point 
to  be  finally  settled  by  the  Government  geological  surveyors),  I  had, 
by  more  extensive  surveys  in  other  parts  of  Europe,  gathered  posi- 
tive evidences  for  coming  to  a  definite  conclusion  respecting  the  base 
of  the  Lower  Silurian  rocks.  Finding  that  in  Russia,  the  lowest  fos- 
siliferous band  was  unquestionably  my  Lower  Silurian  group*  (a  view 
which  was  unanswerably  sustained  by  the  inquiries  of  my  associates 
De  Verneuil  and  Von  Keyserling),  I  further  saw  this  group  in  Scan- 
dinavia (with  nothing  but  fucoids  in  its  lowest  beds),  resting  at  once 
on  pre-existing  slaty  and  crystalline  rocks.  Northern  Europe  was 
first  distinctly  appealed  to  as  exhibiting  the  base  of  the  series  of  ani- 
mal life,  and  the  Lower  Silurian  was,  by  observations  in  Scandina- 
via, thus  shewn  to  be  the  protozoic  group.  Then  came  the  com- 
parison of  the  lowest  fossiliferous  strata  of  North  America,  by  Ame- 
rican authors  and  Mr  Lyell,  with  a  Lower  Silurian  type  similarly 
related  to  pre-existing  rocks  ;  and,  lastly,  in  the  first  chapters  on  the 
geology  of  Russia  in  Europe  and  the  Ural  Mountains,  the  grounds 
were  fully  explained  (1845)  on  which  the  conclusion  had  been  gene- 
rally arrived  at,  that  the  Lower  Silurian  was  the  protozoic  or  oldest 
type  of  animal  life  yet  discovered. 

*  See  aunoungement  to  the  York  Meeting  of  the  British  Association,  1844. 
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None  of  my  opinions  successively  put  forth  from  the  year  1843  to 
the  present  time  were  objected  to,  and  I  naturally  therefore  believed, 
judging  indeed  also  from  Professor  Sedgwick's  new  map  of  North 
Wales,*  that  the  question  of  palasozoic  nomenclature  was  settled.  I 
firmly  thought,  that  however  thick,  however  diversified  in  mineral 
characters  all  Welsh  and  British,  as  well  as  all  foreign  strata,  in 
which  certain  typical  forms  prevailed,  would  be  included  in  the  Lower 
Sihu'ian  group.  From  what,  I  inferred,  could  it  import  in  a  nomen- 
clature founded  on  the  principle  of  "  strata  identified  by  their  fossils," 
whether  the  rocks  termed  Lower  Silurian  were  two  or  three  thou- 
sand feet  thick  in  the  region  where  they  were  first  described,  or 
many  times  as  thick  in  the  western  parts  of  North  Wales,  provided 
they  were  in  both  tracts  characterised  by  the  same  groups  of  fossils  % 
I  knew,  for  example,  that  in  the  very  thin  but  undisturbed  bands  of 
llussia,  a  greater  number  of  species  of  animals  had  been  found  than 
had  then  been  detected  on  the  same  parallel  in  the  greatly  expanded 
North  Welsh  rocks.  It  therefore  seemed  to  me  to  matter  little  to 
the  geologist  occupied  with  the  history  of  successive  races  and  their 
apparition  on  and  disappearance  from  the  surface,  that  he  should 
be  told  of  a  tract,  in  which  there  was  a  much  grander  and  more 
diversified  mineral  character  (with  enormous  porphyritic  masses) 
than  in  the  region  wherein  he  had  previously  described  similar  zoolo- 
gical types. 

The  names  of  William  Smith  remained  unchanged,  although  his 
original  mineral  types  were  in  aftertimes  found  to  be  often  of  very 
small  persistence.  It  was  not  proposed  to  change  the  name  of  Lias, 
when  that  formation  was  found  to  be  three  times  as  thick  at  Whitby 
(with  numberless  new  inferior  strata  and  many  new  fossils),  as  in 
the  South  of  England,  where  it  was  first  named.  Modern  geology 
will  stand  on  an  insecure  basis,  if  the  principle  of  identifying  strata 
by  their  fossils  be  abandoned.  But  it  is  now  proposed  to  abrogate 
the  established  name  of  the  type,  and  substitute  for  it  that  of  a  tract, 
the  fossils  of  which  have  never  been  published,  long  after  the  Lower 
Silurian  rocks  were  first  named  and  distinguished  by  peculiar  forms 
— when  the  fossils  of  that  age  have  been  so  labelled  in  numerous 
nmseums  on  both  sides  of  the  Atlantic,  and  when  geologists  and  palse- 
ontologists  of  all  countries  have  adopted  the  term,  and  already  know 
(through  the  previous  admissions  indeed  of  Professor  Sedgwick  him- 
self), that  the  greatest  portion  of  the  Cambrian  is  zoologically  no- 
thing more  than  a  downward  extension  of  the  Lower  Silurian  group. 

Let  me  then  ask  my  brother-labourers  to  adhere  to  the  use  of  a 
name  which  has  been  so  long  current,  and  which  for  some  years  has 
had  a  definite  meaning  attached  to  it,  both  by  its  fossils  and  position 
in  various  parts  of  the  world.  Geologists  have  already  honoured  me 
with   their  approbation,  for  having  worked  out  certain  phenomena, 

*  See  Geological  Journal,  vol.  i.,  p.  1,  and  map. 
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which  explained  the  first  clear  succession  downwards  from  the  base 
of  the  old  red  sandstone.  They  will  not,  I  trust,  forget  the  toil  by 
which  these  results  were  obtained,  nor  cease  to  be  alive  to  the  fact, 
that,  by  the  forms  which  I  described,  order  was  at  length  elaborated 
amidst  various  slaty  tracts,  often  highly  dislocated,  and  in  parts 
metamorphosed,  over  which  such  Silurian  types  are  now  found  to 
spread.  For,  even  in  reference  to  Britain,  the  succession  of  the 
broken  and  porphyritic  region  of  North  Wales,  Westmoreland,  and 
Cumberland,  might,  I  apprehend,  have  long  remained  undeciphered, 
if  it  had  not  been  for  the  constant  appeals  which  the  geologists  who 
have  explored  those  tracts  have  made  to  the  established  Silurian 
strata.  Is  then  the  key  which  has  served  to  open  out  such  regions 
to  be  now  thrown  away  "? 

But  passing  for  a  moment  to  some  of  its  leading  details,  let  us  now 
see  if  the  memoir  recently  read  by  Professor  Sedgwick  contains  any- 
thing new  to  lead  us  to  change  the  previous  arrangements.  Enlarging 
the  discovery  of  Mr  Davis  announced  to  us  in.  1845,*  of  the  exist- 
ence of  a  species  of  Lingula  in  the  rocks  near  Tremadoc  in  Carnar- 
vonshire, Professor  Sedgwick  tells  us,  that  this  band  lies  many  thou- 
sand feet  beneath  the  Bala  limestone,  including,  however,  it  will  be 
observed,  enormous  interpolations  of  stratified  igneous  rocks. 

I  grant  that  his  sections  (obscure  as  he  admits  some  of  them  to 
be)  afford  proof  of  an  enormously  thick  succession  of  "  great  physi- 
cal masses."  They  clearly  indicate,  that  in  the  early  days  of  sub- 
marine life,  the  area  of  the  earth's  surface  now  constituting  Merio- 
neth and  Csernarvonshire,  was  much  agitated  by  plutonic  eruptions 
which  threw  down  thick  sheets  of  porphyry,  trappean  ashes,  and  other 
igneously  formed  matter  on  the  bottom  of  the  then  sea,  and  that  in 
relation  to  them,  the  quiet  sedimentary  deposits  containing  animal 
life  were  small.  By  such  operations,  and  by  the  subsequent  eruption 
of  other  igneous  rocks,  the  whole  series  was,  in  these  tracts,  greatly 
expanded  and  diversified,  whilst  by  other  events  the  masses  were 
thrown  up  into  lofty  mountains,  and  underwent  much  crystallization. 
But  then  comes  the  question,  what  are  the  animals  which  lived  during 
the  accumulation  of  this  extravasated  and  troubled  marine  series  ? 

Assuming  that  Professor  Sedgwick  be  perfectly  correct  in  his  in- 
terpretation of  what  are  really  the  lowest  strata  (though  as  yet  we 
have  no  proofs  like  those  derived  from  Scandinavia,  that  the  hypozoio 
rocks  of  Anglesea  are  inferior  to  the  lowest  fossiliferous  beds),  we  are 
informed  by  him,  that  in  passing  from  W.  to  E.  on  several  parallels, 
whether  near  Tremadoc,  near  Penrhyn,  or  again  near  Cader  Idris, 
there  exists  an  ascending  series  from  lower  slaty  and  quartzose  strata 
through  igneous  rocks  in  which  no  fossils  have  been  observed,  and 
thence  into  beds  charged  with  a  Lingula  and  fucoids ;  and  that  after 
passing  through  other  alternations  of  slaty  and  igneous  rocks,  the 

*  Quart.  Journ.  Gcol.  Soc,  vol.  ii.,  p.  70. 
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geologist  reaches  the  chief  fossiliferous  zone  of  the  north-western  por- 
tion of  Wales,  as  exhibited  in  the  range  of  Snowdon. 

He  also  points  out  that  the  same  beds  with  Lingula  occur  along  the 
Merioneth  anticlinal  in  the  valley  of  Festiniog,  and  that  in  proceeding 
westwards  therefrom,  a  grand  succession  is  seen  up  to  the  well-known 
horizon  of  Bala.  Admitting  that  the  Lingula  of  these  low  beds  in 
North  Wales  is  a  new  species,  that  single  circumstance  cannot  surely 
be  of  much  value  in  a  discussion  like  this.  Lingulce  occur  in  nearly 
all  the  formations  or  subdivisions  of  the  Silurian  system  of  Britain, 
from  the  Ludlow  rocks  to  the  Llandeilo  flags,  whilst  in  North  Ame- 
rica, as  in  North  Wales,  they  are  found  at  the  base  of  tlie  whole  of 
the  same  series  of  animal  life.  Again,  in  Russia,  where  fucoids 
only  have  been  detected  in  the  lowest  strata,  the  shells  immediately 
above  them  are  Orbicuisc  and  4Jngulites  (Obolus),  both  of  them,  like 
the  Lingula,  small  horny  bivalves  suited  to  a  sandy  or  muddy  sea- 
bottom  in  which  there  had  been  little  calcareous  matter.  In  North 
Wales,  as  in  other  paltcozoic  countries,  the  true  test  of  the  age  of  the 
rocks  lies  in  the  lowest  zones  in  which  the  common  and  characteris- 
tic fossils  are  found.  Now,  among  the  lowest  of  these  North  Welsh 
bods,  Professor  Sedgwick  mentions  the  Asaphus  Powisii,  a  crusta- 
cean first  described  by  myself  from  the  very  uppermost  beds  of  the 
Caradoc  sandstone  of  Shropshire,  or  rather  from  the  Horderley  lime- 
stone at  the  base  of  the  Wenlock  shale,  its  associated  fossils  near 
Trcmadoc,  being  Graptolites  MurcJiisonoi  and  G.  foltaccus,  both  com- 
mon Silurian  forms.  A  Homalonotus  is  next  cited  as  pertaining  to 
still  higher  beds,  and  is  identified  with  a  species  from  the  Lower  Si- 
lurian beds  of  Wittingslow  in  Shropshire. 

The  Lepteena  sericea,  a  species  frequent  in  the  W^enlock  shale,  and 
which  also  ranges,  as  I  have  shewn,  throughout  the  Lower  Silurian 
rocks,  is  said  by  Professor  Sedgwick  to  run  low  down  into  the  Snow- 
don ian  group,  together  with  the  Trinucleus  Caractaci,  the  most  typi- 
cal perhaps  of  all  the  Caradoc  fossils  ;  whilst  the  associated  Orthidaa 
are  nearly  all  the  very  same  simple-plaited  species  figured  in  my 
work,  and  on  which  I  have  always  dwelt  as  the  best  and  surest  types 
of  the  Lower  Silurian  strata;  viz.,  Orthis  calligramma,  0.  vesperti^ 
liOf  0.  Jiabellulum,  0.  Actonice,  0.  expansa^  0.  elegantula,  0,  JPecten^ 
&c. 

Let  these  species  be  fQund  in  any  part  of  the  world,  and  I  ask  if 
their  discoverer  can  possibly  assign  to  them  any  other  geological  name 
than  Lower  Silurian  fossils? 

And  here  I  would  say  a  few  words  on  one  of  the  propositions  of 
my  friend  Professor  Sedgwick.  Changing  the  old  name  *'  Lower 
Silurian"  into  the  new  one  of"  Cambro-Silurian,"  and  shewing  that 
there  is  a  considerable  intermixture  of  Upper  and  Lower  Silurian 
forms  in  the  group,  he  states  with  justice,  that  it  should  never  have 
been  cut  oft*  from  the  Cambrian.  But  why  was  it  so  cut  off  ? — simply, 
I  repeat,  because  the  zoological  contents  of  tho  great  mass  of  the 
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Cambrian  rocks  were  unknown  at  the  period  when  the  original  classi- 
fication was  proposed.  As  soon  as  this  point  was  cleared  up,  I 
hold  that  the  conduct  I  pursued,  so  far  from  being  in  antagonism 
with  the  rules  and  analogies  which  have  hitherto  guided  geologists, 
was  in  direct  obedience  to  the  only  canon  on  which  their  nomencla- 
ture has  been  based, — viz.,  conformity  of  succession,  and  similar  or- 
ganic remains.  The  only  error  committed,  was  the  original  one  of 
giving  a  systematic  name  to  a  mass  of  rocks  before  its  fossils  were 
known ;  and  I  venture  to  declare  it  to  have  been  not  merely  my 
opinion,  but  that  of  every  geologist  who  considered  the  subject,  that 
the  continuance  of  the  recognition  of  a  Cambrian  system  has  been 
considered  to  be  exclusively  dependent  on  the  discovery  in  it  of  a 
peculiar  type  of  Z^yb,  distinct  from  that  formerly  described  as  Silu- 
rian. 

In  respect  to  the  geographical  propriety  of  language  on  which  my 
friend  insists,  I  have  already  said,  that  I  was  not  responsible  for  the 
outlines  and  contents  of  his  Cambrian  region ;  and  as  to  the  observa- 
tion about  the  Silurian  system  being  now  brought  by  increase  of 
knowledge  to  mean  nothing  but  "  fossiliferous  greywacke,"  I  have 
simply  to  remind  him,  that  until  the  Silurian  system  was  fixed,  and 
was  followed  by  tracing  the  ascending  succession  of  palaeozoic  life 
through  the  Devonian  into  the  Carboniferous  and  Permian  deposits, 
foreign  geologists  had  indiscriminately  applied  the  word  "  greywacke" 
to  different  members  of  this  great  pala30zoic  series.  But  I  need  not 
dwell  on  the  advantages  which  followed  from  that  first  step  in  the 
palceozoic  classification,  as  they  have  been  kindly  admitted  by  my 
contemporaries,  including  Professor  Sedgwick  himself. 

Althougli  it  is  unnecessary  that  I  should  deny,  Avhat  I  apprehend 
no  modern  geologist  can  sustain,  that  peculiar  lithological  features  or 
extraordinary  thickness  can  constitute  any  claim  for  the  establish- 
ment of  a  new  nomenclature,  I  may  be  excused  for  requesting  that 
reference  be  now  made  to  my  former  descriptions  of  such  Lower  Si- 
lurian strata,  when  I  found  them  intermingled  with  rocks  of  igneous 
origin  in  the  Silurian  region.  I  then  specially  described  districts  in 
the  higher  and  western  parts  of  Shropshire  and  in  Radnorshire,  in 
which  contemporaneous  submarine  volcanic  rocks  alternated  frequent- 
ly with  beds  containing  Lower  Silurian  fossils ;  such  masses  having 
been  subsequently  penetrated  by  other  eruptive  matter.  Those  con- 
temporaneous trap-rocks  were  stated  to  be  made  up  of  many  varieties, 
including  felspatliic  grits,  sandstones,  conglomerates,  and  breccias, 
greenstone  and  horneblendic  rocks  of  many  shades,  with  porphyries, 
&c.  Now,  although  these  rocks  had  a  very  diff'erent  mineral  aspect 
from  that  with  which  I  was  familiar  in  districts  removed  from  such 
disturbing  causes,  I  never  thought  of  applying  a  separate  name  to 
them.  They  had,  it  is  true,  a  peculiar  aspect.  They  were  often 
much  swelled  out  by  the  interlacement  of  porphyries,  greenstones, 
and  "  volcanic  grit,"  and  owing  to  these  conditions,  fossils  were  com- 
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paratively  rare  ;  but  in  deciding  their  age  I  appealed  to  the  fossils 
only,  and  wherever  I  found  certain  forms,  of  Orthidse,  Trilobites, 
Graptolites,  &c.,  I  at  once  mapped  in  such  masses  as  "  Lower  Silu- 
rian." As  no  one  has  ever  doubted  that  the  name  was  there  rightly 
applied,  I  request  geologists  to  read  the  chapters  descriptive  of  these 
rocks,*  and  then  to  tell  me  if  I  have  uot  in  them  given  a  fair  illus- 
tration (though  on  a  smaller  scale)  of  the  leading  features  which  are 
said  to  characterise  the  infinitely  grander  masses  of  North  Wales. 
With  the  exception  of  beds  charged  with  Lingulse  and  pisolitic  iron- 
ore,  and  marked  by  a  perfect  slaty  cleavage,  there  is,  I  assert,  no 
essential  difference,  whether  mineral  or  zoological,  between  the  above 
tracts  of  Shropshire  and  Radnorshire,  and  the  rocks  of  Caernarvon 
and  Merioneth  ;  and  if  the  hundreds  of  feet  of  the  one  be  expanded 
into  the  thousands  of  feet  of  the  other,  and  the  undulating  hills 
ranging  from  1200  to  1800  feet  high,  be  raised  into  rocky  ridges 
from  2000  to  3000  feet  high,  geologists  will  have  before  them,  in 
my  opinion,  the  Cambrian  system  as  now  characterised  by  Professor 
Sedorwick. 

Nature's  legends  are,  in  a  word,  found  to  be  composed  of  the  same 
fossil  types  in  the  western  parts  of  Wales,  as  in  the  western  limits  of 
the  Silurian  region ;  the  only  difference  being,  that  in  the  former  the 
spaces  between  the  letters  are  vastly  more  expanded,  and  that  the 
whole  region  is  more  slaty,  igneous,  and  crystalline. 

I  say  it  advisedly,  and  after  consultation  with  good  palaeontolo- 
gists, who  have  examined  the  North  Welsh  fossils,  that  there  is  no 
essential  difference  between  them  and  those  of  my  Lower  Silurian 
tracts.  On  the  other  hand,  there  are  considerable  variations  in  the 
distribution  of  the  Upper  Silurian  species  of  the  region  I  first  de- 
scribed, and  those  of  parts  of  Wales,  Cumberland,  and  Westmoreland, 
which  have  been  recognised  by  geologists,  including  Professor  Sedg- 
wick himself  as  Upper  Silurian.  Why  then  does  he  speak  of  and 
apply  my  Upper  Silurian  types  only  throughout  his  last  memoir,  and 
not  equally  depend  on  those  styled  Lower  Silurian  I  Why,  indeed,  is 
the  term  •'  Lower  Silurian"  not  once  employed  in  his  last  memoir, 
though  abundantly  referred  to  in  all  his  previous  communications, 
when  my  types  were  appealed  to?  The  only  answer,  it  seems  to 
me,  which  can  be  given,  is,  that  as  the  word  Cambrian  is  now  de- 
monstrated to  be  zoologically  synonymous  with  Lower  Silurian,  Pro- 
fessor Sedgwick  will  not  abandon  the  name  he  formerly  applied  to  his 
great  physical  group,  though  such  name  was  used  before  its  fossil 
contents  were  known. 

The  question,  then,  is  simply,  Will  geologists  find  it  possible  to  use 
two  terms  to  designate  the  very  same  succession  of  animal  life  upon 
the  surrace  of  the  globe  \ — such  terms  being  relatively  made  to  de- 


*  See  Silurian  System,  chapters  xxii.  and  xxvi. 
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pend  upon  the  greater  or  less  thickness  of  the  strata  and  their  di- 
versity of  lithological  structure  \ 

If,  then,  greater  thickness  of  the  masses  be  abandoned  as  a  reason 
for  a  separate  name,  some  geologists  might  contend  that  a  physical 
separation  of  the  upper  and  lower  groups,  or  the  unconformability 
of  the  one  to  the  other,  would  afford  grounds  for  such  a  distinction. 
But  even  this  feature  is  wanting,  in  reference  to  the  two  groups  cha- 
racterised respectively  by  Upper  and  Lower  Silurian  fossils.  There 
are,  indeed,  districts  in  which  one  portion  of  the  Upper  Silurian 
group  is  unconformable  to  another ;  and,  again,  lines  of  dislocation 
producing  unconformity  occasionally  affect  the  subordinate  members 
of  the  lowest  group  itself,  which  Professor  Sedgwick  recognises  as 
one  natural  whole.  But  we  already  know  from  the  survey  of  the 
Government  geologists,  that  all  the  Silurian  strata  roll  over  in  con- 
formable folds  throughout  South  Wales,  and  that  there  is  no  general 
break  between  the  masses  occupied  by  Upper  and  Lower  Silurian 
fossils  in  Wales,  any  more  than  within  the  limits  of  the  Silurian  region 
first  chosen  as  a  pattern.  Indeed,  I  have  strong  grounds  for  believ- 
ing, that  the  very  rocks  of  Bala,  about  which  so  much  discussion  has 
taken  place,  will  prove  to  be  the  physical  equivalents  of  the  schists, 
flags,  limestones,  and  sandstones  which,  in  South  Wales,  have  been 
described  by  me  as  Llandeilo  flags. 

There  being,  then,  no  unconformity  between  my  Silurian  and  the 
Cambrian  of  Professor  Sedgwick,  the  only  remaining  ground  for 
changing  the  name,  is  the  opinion  which  he  seems  to  entertain,  that 
the  Silurian  system,  as  originally  described,  is  in  I'eality  made  up  of 
two  natural  history  groups,  and  ought  therefore  to  have  two  names. 
On  this  point  also,  it  is  scarcely  necessary  that  I  should  go  beyond 
the  clear  evidences  recently  afforded  by  the  Professor  himself,  of  the 
great  interchange  of  fossils  between  the  Upper  and  Lower  Silurian 
groups,*  to  convince  every  one  that  they  are  so  knit  together  in  Britain, 
as  to  be  geologically  inseparable.!  When  I  published  the  '  Silurian 
System,'  I  then  knew  that  a  limited  number  of  species  only  passed 
from  the  upper  to  the  lower  group,  but  in  succeeding  years  I  learnt, 
that  many  more  were  common  to  the  two  groups,  both  in  Great 
Britain  and  in  other  countries.  My  last  memoir  on  Gothland  has 
shewn,  that  out  of  74  species  of  shells  and  Crustacea  in  the  Upper 
Silurian  rocks  of  that  island  (46  of  which  are  British  Upper  Silu- 
rian forms),  9  at  least  range  into  the  Lower  Silurian  rocks  of  Britain, 
whilst  14  is  the  number,  if  the  Lower  Silurian  type  of  Northern 


*  See  also  Quarterly  Journal  Geol.  Soc,  ante,  vol.  ii. 

t  The  researches  of  the  Government  Geological  Surveyors  will  presently 
bring  to  light  facts  which  will  place  beyond  all  doubt,  that  even  in  North  Wales 
or  Cambria  itself,  many  Upper  Silurian  forms  are  intermixed  with  those  of 
Lower  Silurian  age ;  in  short,  Professor  Edward  Forbes  has  assured  me,  that 
in  North  Wales  there  is  but  one  natural  history  system  only. 
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Europe  bo  included.  On  the  plain  fact,  therefore;  that  there  are 
many  species  of  Trilobites,  Orthidsc,  and  other  shells  which  unite  the 
two  groups,  I  maintain  that  the  Lower  Silurian  cannot  be  viewed  as 
a  system  independent  of  the  Upper. 

But  it  is  not  on  the  duration  or  passage  of  species  from  the  one 
group  to  the  other,  that  I  alone  depend  for  the  conservation  of  the 
zoological  unity  of  my  system.  The  qualifications  and  character  of 
what  I  term  a  system  are  chiefly  based  on  the  assemblage  of  its 
classes  of  animals.  Thus,  the  Silurian  was  typified  as  the  great 
system  of  Trilobites,  which  crustaceans  rapidly  dwindle  away  in  the 
overlying  Devonian,  and  expire  in  the  Carboniferous  system.  Again, 
the  Silurian  system  was  represented  as  being  the  chief  centre  of 
Orthida),  its  lower  half  being  specially  marked  by  small  species  of 
that  genus  with  simple  plaits.  It  was  further  spoken  of  as  charged 
with  Graptolites,  and  also  as  being  the  horizon  in  which  certain  very 
peculiar  chambered  shells  are  most  rife.  Of  late  years  its  lower 
strata  have  been  shewn  to  abound  in  Cystidea,  those  simple  forms 
which,  chiefly  by  the  labours  of  Von  Buch,  have  been  shewn  to  be 
the  earliest  created  forms  of  the  great  family  of  Crinoids.  And  here 
I  would  beg  British  geologists  to  attend  to  the  importance  of  foreign 
comparisons,  if  they  wish  to  see  rock  systems  founded  on  laws  of 
general  distribution  of  animals.  Abounding  in  the  Lower  Silurian 
rocks  of  Scandinavia  and  Russia,  these  Cystidea  had  not  been  found 
by  myself  in  the  Lower  Silurian  rocks  of  Britain,  but  the  researches 
of  the  Government  Geological  Surveyors  detected  the  common 
species  of  Northern  Europe  (EcJiino-sphcBrites  aurantium)  in  strata 
actually  described  and  coloured  in  the  map  of  the  Silurian  region  by 
myself  as  Llandeilo  flags,  whilst  the  same  observers  are  now  detect- 
ing the  same  in  greater  quantity  in  the  rocks  of  Bala  and  in  Ireland. 

Even  whilst  I  write,  I  learn  that  the  only  strong  distinction  which 
was  thought  to  exist  between  the  Upper  and  Lower  Silurian  rocks 
has  vanished  by  the  discovery  of  the  defences  of  cartilaginous  fishes 
of  the  genus  Onchus  in  the  latter,  as  just  announced  by  Professor 
Sedgwick  ;  and  thus,  whilst  my  view  of  a  period  void  of  vertebrata, 
founded  though  it  was  on  very  general  observation,  must  be  aban- 
doned,* I  naturally  rejoice  in  this  unexpected  additional  evidence, 
whereby  the  Upper  and  Lower  Silurian  rocks  are  still  more  firmly 
united  in  one  system.f 

*  See  Russia  in  Europe,  and  the  Ural  Mountains. 

t  I  also  learn  from  Professor  E.  Forbes,  and  the  geologists  of  the  Govern- 
ment Survey,  that  they  have  detected  the  defence  of  an  Onchus  in  the  limestone 
near  Bala.  Professor  Sedgwick  states,  that  the  species  he  mentions  were  found 
in  the  Upper  Llandeilo  flags.  Professor  Phillips  has  detected  fish-remains  in 
the  Wenlock  shale,  and  they  had  been  previously  observed  by  the  Rev.  C. 
lirodie  in  the  AVenlock  limestone.  Although  the  species  of  North  Wales  are 
not  yet  described,  it  is  rather  remarkable  that  the  Onchus  of  these  Lower  Silu- 
rian rocks  is  said  to  resemble,  to  a  great  extent,  the  0.  Murchisoni,  Agassiz,  of 
my  Ludlow  rocks. 


160  Sir  Roderick  I.  Murchison  on  the 

Whilst  we  are  considering  what  are  the  natural  distinctions  of  a 
system,  or  "  terrain,"  in  the  sense  in  which  I  used  the  word,  I  beg 
to  be  permitted,  without  further  reference  to  llussia  and  Scandinavia, 
to  shew  how,  in  another  portion  of  the  continent,  the  Silurian  system 
has  recently  been  applied  by  a  French  geologist,  M.  Barrande,  to 
Bohemia,  the  country  of  his  adopted  residence.  The  slaty  fossilife- 
rous  rocks  of  Germany,  like  those  of  Devon  and  Cornwall  are,  it  is 
well  known,  for  the  most  part  of  Devonian  age  ;  but  in  Bohemia,  a  long 
and  wide  tract  consists  of  a  basin  of  Silurian  rocks,  the  lowest  strata 
of  which  repose  on  sedimentary  rocks  void  of  fossils,  and  these  again 
on  crystalline  schists.  With  no  other  guide  than  my  original  work, 
the  "  Silurian  System,"  M.  Barrande,  after  collecting  600  species  of 
Bohemia  fossils,  129  of  which  species  are  Trilobites,  has,  of  his  bwn 
accord,  come  to  the  conclusion,  that  the  whole  clearly  indicate  a  true 
Silurian  series.  The  lower  half  of  this  series  is  composed  of  two 
stages  of  quartzose  and  argillaceous  strata,  which  are  not  merely 
referred  to  the  Lower  Silurian  as  a  whole,  but,  through  their  mineral 
characters  and  their  Trilobites,  and  other  organic  forms,  are  even 
severally  compared  with  the  Llandeilo  flags  and  Caradoc  sandstone. 
The  upper  group,  eminently  calcareous,  presents  itself  in  three 
stages,  the  lowest  of  which  M.  Barrande  (after  most  assiduous  ex- 
amination of  the  fossils)  compares  with  the  Wenlock  limestone  and 
shale,  the  middle  with  the  Lower  Ludlow  rock  (the  chambered  shells 
of  which  strikingly  resemble  those  of  the  same  formation  in  England), 
and  the  third  or  upper  division  with  the  Aymestry  limestone  and 
Upper  Ludlow  rock.  I  advert,  therefore,  with  pleasure  to  such 
labours,  because  they  prove  that  the  detailed  descriptions  of  certain 
typical  Silurian  tracts  in  England  have  not  been  unfruitful,  even  in 
reference  to  other  and  distant  European  tracts.  I  further  trust  that 
geologists  may  regard  my  late  memoir  on  Gothland  as  a  corrobora- 
tion quite  as  striking,  of  the  value  of  the  detailed  original  description 
of  the  types  of  my  own  country.*  On  the  other  hand,  I  well  know 
that  there  are  Silurian  tracts  in  the  British  Isles,  which,  under  dif- 
ferent conditions  of  mineral  origin  present  much  fewer  points  of  re- 
semblance to  the  types  of  the  Silurian  region  than  the  above  men- 
tioned distant  foreign  regions. f 

But  rock  systems  must  not  be  so  formed  as  to  suit  one  country 


*  See  Quarterly  Journal  Geol.  Soc,  vol.  iii.,  p.  1. 

t  Whilst  these  pages  are  passing  through  the  press,  I  have  learnt  from  Mr 
M'Coy,  that  several  of  the  Upper  and  Lower  Silurian  species  of  Ireland,  which 
he  has  described  and  named,  are  identical  with  specimens  from  Bohemia  now 
in  the  collection  of  the  University  of  Cambridge ;  and  together,  with  this  fact, 
it  is  curious  to  remark,  that  the  mineral  characters  of  tlie  rock  masses  in  the 
two  countries  coincide;  and  that  in  Ireland,  as  in  Bohemia,  the  Upper  Silurian 
is  eminently  calcareous,  the  Lower  Silurian  sandy,  quartzose,  and  slaty.  (See 
the  Silurian  fossils  of  Ireland,  4to,  as  published  by  Mr  Grriffith  and  Mr  M'Coy). 
— 9«*  April  1847. 
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only.  For  if  it  bo  granted,  that  in  Britain  the  Lower  can  generally 
be  so  separated  from  the  Upper  Silurian,  as  to  bo  capable  of  demarca- 
tion on  a  map,  how  could  tho  geologist  succeed  in  separating  the 
Upper  and  Lower  Silurian  of  Christiania  in  Norway,  where  these 
groups,  each  equally  well  characterised  by  fossils  as  in  our  own  coun- 
try, fold  over  together  in  such  small  united  masses  \* 

Having  stated  that  the  Upper  and  Lower  Silurian  roots  of  Europe, 
including  all  the  fossiliferous  strata  of  Wales,  are  so  knit  together  by 
fossils  and  the  transitions  of  the  masses,  that  they  must  be  viewed  as 
one  natural  history  series,  I  will  now  conclude  by  simply  indicating 
the  small  area  in  various  countries  to  which  the  Silurian  system  would 
be  reduced,  if  the  meaning  of  that  term  were  to  bo  changed  and 
restricted  to  the  upper  half  of  the  original  system. 

In  England,  though  prominent  in  tho  typical  districts  of  Shrop- 
shire and  Herefordshire,  the  Silurian  rocks,  so  dismembered,  would 
occupy  a  mere  band  (scarcely  to  be  defined  on  a  general  map)  in 
Brecknockshire,  Carmarthenshire,  and  Pembrokeshire ;  whilst  all 
the  broad  and  specially  typical  Lower  Silurian  tracts  laid  down  by 
me  in  Salop,  Montgomery,  Radnor,  and  South  Wales,  must  be  erased, 
since  it  is  impossible  to  distinguish  them  by  their  organic  remains 
from  the  groups  of  Snowdown.  In  Ireland,  from  what  we  already 
know,  whether  through  the  works  of  Mr  Griffith,  Captain  Portlock, 
or  the  labourers  of  the  Government  Surveyors,  tho  system  would 
pretty  nearly  disappear,  as  the  great  mass  of  the  Irish  lower  palaeozoic 
fossils  are  found  to  be  Lower  Silurian. 

In  Russia  in  Europe,  and  in  nearly  all  Scandinavia,  Lower  Silu- 
rian rocks  and  fossils  only  prevailing,  the  very  name  Silurian  would 
be  swept  from  the  map,  and  the  system  so  attenuated,  would  there 
be  confined  to  Gothland  and  some  small  Baltic  isles  I 

Now,  it  must  be  borne  in  mind,  that  even  when  the  lower  and 
upper  groups  are  united  in  one  system  as  at  present,  the  Silurian 
rocks  of  Russia  do  not  occupy  one-fifth  part  of  the  area  of  either 
the  Devonian  or  Carboniferous  systems  of  those  regions,t  whilst  in 
Germany,  the  whole  system,  as  at  present  united,  bears  an  infinitely 
small  proportion  to  the  overlying  Devonian  group.  A  glance  at  the 
Geological  Map  of  America,  in  Mr  Lyell's  work,  shews  to  what  a 
small  area,  in  relation  to  the  other  palaeozoic  rock  system,  the  Silu- 
rian would  be  reduced,  if  its  lower  half  were  abstracted. 

Independent,  therefore,  of  the  impropriety  of  mutilating  a  system 
established  on  the  community  of  its  zoological  contents,  the  results  of 
such  an  arrangement  would  be  a  violation  of  the  meaning  which  ought 
in  fairness  to  be  attached  to  a  great  natural  history  period,  which  was 
typified  as  such  before  tho  Devonian  System  was  thought  of.     There 


*  See  woodcut,  Russia  in  Europe,  &c.,  vol.  i.,  p.  17,  and  Quarterly  Journal 
Gaol.  Society,  vol.  ii.,  part  2  (Miscell.),  p.  71. 

t  See  General  Map,  llussia  in  Europe,  and  the  Ural  Mountains. 
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are  indeed  authors  wlio  think,  that  the  Upper  Silurian  is  so  linked 
on  to  the  Devonian,  that  the  former,  or  a  large  portion  of  it,  might 
advantageously  be  merged  in  the  latter ;  and  if  their  views  prevailed, 
the  only  portion  of  my  system  or  terrain  which  Professor  Sedgwick's 
proposition  leaves  to  me  would  also  be  swallowed  up,  and  thus,  by 
invasions  on  both  sides,  the  poor  Silurian  system  would  be  obliterated. 

On  the  principle,  however,  of  strata  identijied  by  their  fossils^  geo- 
logists, I  hope,  agree  with  me  to  the  conviction  in  which  I  abide,  that 
in  whatever  rocks,  and  to  whatever  depths  the  Lower  Silurian  types 
extend,  the  tracts  so  characterised  must  be  considered  to  belong  to 
the  "  Silurian  System." 

In  contending  for  the  preservation  of  that  system  in  its  unity,  I 
in  no  way  detract  from  the  very  great  merit  of  the  researches  of  my 
friend,  Professor  Sedgwick,  in  developing  the  physical  structure,  dis- 
locations, slaty  impress,  fossil  characters,  and  other  phenomena  of 
the  rocks  of  North  Wales,  Cumberland,  and  Westmoreland. 

As  already  stated,  I  formerly  hoped  he  would  also  point  out  in 
their  lowest  division  the  existence  of  a  distinct  zoological  type  which 
would  have  entitled  those  rocks  to  a  separate  name ;  but  having 
failed  to  do  so,  it  seems  to  me  manifest,  that  his  "  Cambrian"  cannot 
now  be  sustained  by  dismembering  a  fossiliferous  system  which  has 
been  so  long  established,  so  largely  developed,  and  so  widely  applied 
over  the  world  as  the  Silurian.  AVhether  geologists  will  use  the  word 
*'  Cambrian,"  in  reference  to  still  older  and  often  unconformable 
greywacke  lying  beneath  all  the  beds  with  Silurian  fossils,  it  is  not 
for  me  to  determine.  My  chief  object  in  this  communication  is  to 
explain  how,  by  the  progress  of  research,  the  protozoic  types  of 
various  parts  of  Northern  Europe,  including  North  Wales,  have  been 
shewn  to  be  true  equivalents  of  the  lower  part  of  a  natural  system 
which  I  proposed  twelve  years  ago,  and  which  geologists  of  various 
countries  adopted  after  a  careful  scrutiny  of  the  evidences  on  which 
jt  was  established. 


On  the  Protein  Question.     By  Pi*ofessor  MuLDER  of  Utrecht. 
Communicated  by  Professor  J.  F.  W.  Johnston. 

Durham,  llth  June  1847. 

My  Dear  Sir, — Will  you  favour  me  by  inserting  In  your  ensuing 
number,  the  following  additional  communication  from  Professor 
Mulder  on  the  Protein  question  ?  The  perusal  of  it  will  shew  you 
that  we  arc  slowly  progressing  towards  a  more  perfect  knowledge  of 
this  important  substance. 

The  state  of  our  knowledge  in  regard  to  it  is  at  present  nearly  as 
follows  : — 

1.  There  exists  in  the  parts  of  animals  and  plants  a  substance  to 
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which  the  name  of  protein  is  given,  and  which,  according  to  the  ana- 
lyses hitherto  made,  may  be  most  nearly  represented  by  the  empiri- 
cal formula, — 

QiQ  H25  N^  Oi«  +  2  H  O. 

The  older  formula,  now  abandoned  by  Mulder,  was — 

QiQ  HZl  ^5  012. 

The  latter  of  these  formulse  contains  a  larger  proportion  of  nitro- 
gen than  the  one  now  adopted.  This  arises  from  the  circumstance 
tihat  a  part  of  the  nitrogen  supposed  formerly  to  belong  to  the  pro- 
tein is  now  found  to  exist  in  it  in  a  different  state  (that  of  an  amid), 
and  not  properly  to  belong  to  the  composition  of  the  pure  protein 
itself. 

2.  That  this  protein  combines  with  the  amid  of  the  hypo-sul- 
phorous,  and  probably  of  the  hypo-phosphorous  acid,  and  forms  com- 
binations which  occur  abundantly  in  nature.  Albumen,  casein,  fibrin, 
&c.,  are  such  natural  combinations.  The  nitrogen  of  these  amids 
was  included  in  the  old  formula  for  protein,  and  hence,  when  it  is 
abstracted,  the  new  formula  must  contain  less  nitrogen. 

3.  That  these  combinations  of  protein  with  the  amids,  when  heated 
upon  a  plate  of  silver,  with  a  few  drops  of  a  solution  of  caustic  potash, 
evolve  ammonia  and  sulphuretted  hydrogen ;  which  last  product 
blackens  the  surface  of  the  polished  silver. 

4.  That  they  also  unite  directly  with  the  chlorous,  the  tannic,  and 
other  acids,  forming  combinations  of  the  natural  albumen,  casein, 
&c.,  with  these  acids.  Such  a  compound  with  albumen  is  formed 
when  a  solution  of  tannic  acid  is  poured  into  an  aqueous  solution  of 
the  white  of  egg.  These  compounds  all  blacken  silver  under  the 
influence  of  caustic  potash,  as  the  albumen  and  casein  themselves  do. 

5.  That  by  the  prolonged  action  of  caustic  potash,  aided  by  a  gentle 
heat  and  access  of  air,  the  amids  contained  in  these  natural  com- 
pounds are  decomposed — their  nitrogen  more  or  less  completely 
separated  in  the  form  of  ammonia,  and  their  sulphur  converted  into 
sulphurous  and  phosphorous  acids  which  combine  directly  with  the 
protein.  When  separated  from  the  potash  by  acetic  acid,  the  com- 
bination obtained  contains  these  two  acids  in  variable  proportions,  and 
does  not  blacken  silver  when  treated  as  above  described. 

The  prolonged  action  of  chlorine  produces  a  similar  effect — form- 
ing at  first  compounds  of  the  chlorous  sulphurous  and  phosphorous 
acids  with  protein,  which  do  not  blacken  silver. 

6.  But  that  by  a  prolonged  action  of  chlorine  under  other  known 
circumstances,  the  proportion  of  the  sulphurous  and  phosphorous  acids 
in  these  compounds  diminishes,  and  becomes  very  variable.  Mixtures 
in  fact  are  obtained  in  which  pure  chlorite  of  protein  exists  contami- 
nated with  more  or  less  of  certain  compounds  of  the  same  chlorite 
with  the  acids  of  sulphur  and  phosphorus. 
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Thus  far  at  present — irrospoctivo  of  personal  contentions — our 
groping  after  the  truth  seems  to  carry  us. — Believe  nie,  yours  very 
truly, 

James  F.  W.  Johnston, 
To  Professor  Jameson,  Edinburgh. 

Utrecht,  27th  May  1847. 

My  Dear  Friend, — The  albuminous  bodies  about  which  I  wrote 
you  some  time  ago,  required  a  detailed  investigation,  in  consequence 
of  what  I  had  discovered,  namely,  that  the  sulphur  and  phosphorus  they 
contain,  exists  in  the  state  of  sulphamid  and  phosphamid,  and  that 
hyposulphurous  acid  is  present  in  the  precipitate  produced  by  dis- 
solving them  in  caustic  potash,  by  the  aid  of  heat,  and  adding  acetic 
acid  in  excess. 

I  have,  without  intermission,  continued  my  investigations,  and 
the  result  is,  that  the  above  named  constitution  is  common  to  them 
all.  Hair,  whalebone,  casein,  legumin,  albumen,  fibrin,  horny  mat- 
ter and  the  nails,  consist  of  nothing  else  than  the  above  amids,  com- 
bined in  different  proportions,  either  with  protein,  or  with  an  organic 
group,  which  can  bear  no  other  name  than  that  of  oxide  of  protein. 
I  formerly  gave  you  instances  of  this  in  the  composition  of  fibrin, 
horn,  and  legumin. 

It  is  evident,  after  this  discovery,  that  the  empirical  formula, 
by  which  we  have  hitherto  represented  protein,  ought  to  receive 
some  modification.  All  my  former  results  tend  to  corroborate  this, 
and  you  will  find,  that  all  that  is  necessary  is  a  change  of  names, 
and  tbat  the  results  of  my  former  analyses  remain  unaffected.  It 
was  wrong,  therefore,  to  attempt  to  throw  suspicion  upon  my  results. 
Only,  what  I  formerly  called  chlorite  of  protein,  must  receive  the 
name  of  chlorite  of  albumen,  of  casein,  and  of  fibrin,  and  if  you 
change  these  names,  then  everything  else  remains  the  same.  What 
I  formerly  distinguished  by  the  name  of  sulpho-proteic  acid,Jought  to 
be  called  sulphate  of  albumen,  or  of  casein,  but  the  analytical  results 
stand  unaltered. 

It  is  only  by  my  present  investigations  that  I  have  become  ac- 
quainted with  chlorite  and  sulphate  of  protein.  In  composition  and 
properties,  they  very  much  resemble  the  combinations  of  chlorous  and 
sulphuric  acid,  with  albumen,  casein,  &c.  ;  but  when  heated  with 
potash  upon  a  silver  plate,  they  do  not  produce  a  black  spot.  They — 
the  chlorites,  that  is  to  say — all  contain  a  small  quantity  of  hyposul- 
phurous acid ;  but,  in  some  compounds,  which  otherwise  are  pure 
chlorites  of  protein,  this  hyposulphurous  acid  does  not  amount  to 
more  than  0*6  per  cent.  They  thus  prove,  that  this  hyposulphurous 
acid,  of  which  very  variable  quantities  may  also  exist  in  protein,  is 
not  an  essential  ingredient  of  it ;  and,  further,  that  notwithstanding 
all  the  trouble  that  is  taken  now  to  direct  attention  to  this  sulphur, 
it  will  be  an  unsuccessful  attempt  to  deny  the  existence  of  an  inde- 
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pendent  organic  group,  which  is  free  from  sulphur  in  evert/  sense  of 
the  word. 

If,  for  instance,  a  current  of  chlorine  is  passed  through  a  solution 
of  albumen,  for  several  days  together,  wo  obtain  not  a  product  of  de- 
composition, but  a  real  combination  of  chlorous  acid  with  protein, 
which  does  not  blacken  silver.  The  quantity  of  sulphur  it  contains, 
in  the  form  of  hyposulphurous  acid,  is  equal  to  that  of  the  sulph- 
amid  of  an  equivalent  quantity  of  albumen.  According  to  Kemp, 
this  would  amount  to  1'5  per  cent,  in  the  chlorite  compound;  but 
this  is  too  high,  as  I  shall  prove  below.  If  duly  prepared,  it  does 
not  contain  more  than  1*2  of  sulphur,  equal  to  1"83  per  cent,  of  hy- 
posulphurous acid. 

But  this  proportion  is  far  from  being  constant  or  essential ;  for  if 
a  current  of  chlorine  is  passed  through  the  acetic  acid  solution,  from 
which  protein  from  fibrin  has  been  precipitated,  we  obtain  a  chlorito 
of  protein,  perfectly  similar  to  that  from  albumen,  but  containing 
only  0*4  per  cent,  of  sulphur  =0*6  per  cent,  of  hyposulphurous 
acid. 

Similar  discrepancies  are  found  in  the  quantity  of  hyposulphurous 
acid,  existing  in  protein  itself. 

After  this  sulphur  question  has  produced  it^  effect,  it  will  descend 
into  the  place  which  it  ought  to  occupy. 

The  maximum  quantity  of  hyposulphurous  acid  which  I  have  been 
able  hitherto  to  find  in,  or  to  be  taken  up  by  protein,  is  2*4  per  cent., 
equal  to  1'6  per  cent,  of  sulphur — that  is  the  quantity  which  is  found 
in  albumen,  under  the  form  of  sulphamid.  It  represents  exactly  the 
half,  in  equivalents,  of  the  quantity  of  hydrochloric  acid,  that  can  be 
taken  up  by  albumen.  This  combination,  therefore,  cannot  be  called 
strange  or  singular.  The  hyposulphurous  acid  obstinately  adheres 
to  the  protein  in  the  same  manner  as  sulphuric  acid,  phosphate  of 
lime,  metallic  oxides,  and  several  other  bodies,  all  of  which  may 
unite  with  it  in  small  quantities. 

The  composition  of  protein,  free  from  sulphur  in  every  form, 
may  bo  represented  by  the  following  empirical  formula : — 

C36  H25  N^  O^o  +  2  H  0. 

It  difiers  from  the  ono  to  which  I  have  hitherto  adhered,  because 
the  organic  group  contains  a  little  less  nitrogen  than  was  ascribed  to 
it  before.  This  is  all  the  modification  which  my  former  results  re- 
quire. 

The  formula  expresses  in  100  parts. 


c 

54-7 

H 

6-8 

N 

14-2 

0 

24-3 

The  grounds  upon  which  I  propose  this  formula,  are  not  more 
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certain  than  those  for  all  empirical  formula}.  We  have  seen  this  in 
the  case  of  salicine.  All  the  empirical  formula?,  which  equally  ex- 
pressed the  composition  of  salicine,  fell  to  the  ground  after  Piria 
had  discovered  its  constitution.  Yet  the  formula  above  given  brings 
us  a  little  nearer  to  the  truth. 

Perhaps  it  may  be  said, — And  so  every  thing  is  modified  that 
you  have  formerly  stated  regarding  protein  ?  On  the  contrary, 
nothing  is  modified  but  the  formula.  Science  retains  what  it  pos- 
sessed, viz :  that — 

l^^,  The  vegetable  and  animal  albuminous  bodies  contain  in  com- 
mon an  organic  group  free  from  sulphur. 

2d,  There  are  two  groups  to  be  considered  as  higher  degrees  of 
oxidation  of  the  former,  and  produced  from  protein. 

I  will  give  you  the  new  form,  into  which  my  previous  results  re- 
quire to  be  moulded.  It  will  thence  be  evident  to  you,  that  with 
the  exception  of  the  nitrogen  of  the  protein  itself,  nothing  at  all  of 
my  former  results  i^  altered. 

Albumen  from  eggs,  according  to  my  former  analyses,*  and  those 
of  Ruling,!  (C  =  75-12;  JS  =  87*5),  and  the  new  determinations  of 
sulphur  consists  of 


M  (1). 

R(2). 

Atoms. 

Calculated, 

c 

53-5 

53-4 

36 

53-8 

H 

7-0 

7-0 

26-85 

6-7 

N 

15-5 

4*42 

15-6 

0 

22-0 

12- 

21-9 

Ph 

0-4 

0-05 

0-4 

S  1-6  1-7  0-4  1-6 

This  composition  represents  a  combinaticn  of  20  equiv.  of  pro- 
tein +  H  O,  with  8  equiv.  of  sulphamid  and  1  equiv.  of  phosphamid. 
Kemp  designates  this  explanation  by  the  name  of  an  artifice.  This 
expression,  however,  is  not  accurate.  It  is  nothing  else  than  an  at- 
tempt on  my  part,  to  give  a  certain  form  to  what  I  have  found.  If 
the  quantity  of  phosphamid  in  the  combustion  were  double,  it  would 
be  reduced  to  the  simple  form  of  2  equiv.  of  protein  +  1  equiv.  of 
amid  of  sulphur  and  phosphorus. 

Now,  by  the  influence  of  chlorine,  this  albumen  combines,  with- 
out undergoing  a  change,  with  chlorous  acid,  and  the  product  is 
chlorite  of  albumen,  I. J  which  I  before  wrongly  called  chlorite  of 
protein ;  I  add,  II. §  chlorite  of  casein,  and,  III.,|1  chlorite  of  fibrin. 


*  Scheik.  Onderz.  deel  iii.  f  Ann.  der  Chem.  und  Pharm.,  1846. 

i  BuUetin,  1839,  p.  400.  §  Ibid,  1|   Ibi4. 
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Atoms. 

Calculated, 

C        47-7 

47-9 

36- 

47-2 

H          6-2 

6-3 

26-8 

5-8 

N        13-9 

13-9 

4-4 

13-5 

0 

11- 

19-2 

S 

0-4 

1-4 

CI  03  11-7 

11-2 

1- 

12-9 

I  have,  for  simplicity,  left  out  tho  phosphorus  ;  I  do  not  even  know 
if  it  exists  in  this  compound. 

II. 


C         48-1 

48-1 

m.  47-9 

48-0 

H          6-4 

6-4 

6-1 

6-3 

N 

0 

s 

CI  03  12-3 

11-6 

The  quantity  of  sulphamid  in  fibrin  and  casein  is  different  from 
that  in  albumen,  but  the  difference  is  small,  and  therefore  I  pass  it 
over  here. 

These  bodies  are  the  chlo rites  of  albumen,  fibrin,  and  casein. 
They  produce  sulphuret  of  silver,  on  being  heated  with  potash  upon 
silver,  and  thus  they  can  be  easily  distinguished  from  the  chlorite 
of  protein  containing  hyposulphurous  acid,  which  does  not  possess 
this  property. 

The  latter  may  be  prepared  in  different  ways — among  others,  from 
the  solutions,  from  which  protein  has  been  precipitated,  or  by  pass- 
ing chlorine,  for  a  long  time,  through  a  mixture  of  albumen,  fibrin, 
casein,  horn,  hair,  whalebone,  &c.,  and  water.  The  product  always 
contains  a  certain  quantity  of  hyposulphurous  acid  arising  from  the 
decomposition  of  sulphamid  and  water  2  (S  N  H'  +  H  0).  The  ac- 
tion of  the  chlorine  upon  this  produces  ammonia,  which  unites  with 
hydrochloric  acid, — and  hyposulphurous  acid,  which,  along  with  chlo- 
rous acid,  is  taken  up  by  the  organic  compound. 

In  my  former  letter  to  you,  I  reduced  the  composition  of  protein 
with  hyposulphurous  acid,  as  it  is  obtained  from  albumen,  to  a  group 
free  from  this  mixture.  I  then  brought  into  account  1*4  per  cent, 
of  sulphur,  as  was  found  by  Fleitmann.  The  normal  quantity  ob- 
tained by  fusion  with  soda,  and  subsequent  addition  of  saltpetre,  is 
1  '6  per  cent.,  and  this  I  believe  to  be  the  true  proportion  of  sulphur 
in  albumen.     The  compound  consists  of — 


Found. 

Atoms. 

Calculated. 

c 

53-7 

36 

53-4 

H 

7-0 

27 

C-7 

N 

14-2 

4 

13-9 

O 

22-7 

12 

23-7 

S-0^ 

2-4 

0-2 

2-3 
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This  combination  is  present  in  the  substance  obtained  by  the  long 
continued  action  of  chlorine  upon  one  of  the  above  named  substances. 
Only  when  prepared  from  albumen,  it  yields  exactly  the  above  pro- 
portion of  hyposulphurous  acid  ;  but  when  obtained  from  the  solution 
of  fibrin,  from  which  protein  has  been  precipitated,  it  only  contains 
0*6  per  cent,  of  sulphurous  acid,  and  yet  it  consists  of  C'^'^H'-'  N*  0^% 
minus  1  or  2  equivalents  of  water,  according  as  1  or  2  equivalents  of 
chlorous  acid  have  been  taken  up  into  the  combination. 

I  here  subjoin  the  composition  of  chlorites  of  protein  containing 
hyposulphurous  acid,  as  they  are  obtained  from  horse-hair,  human- 
hair,  whalebone,  and  trioxide  of  protein,  (Sclieck.  Onderz.  deel  i.,  p. 
265 ;  deel  ii.,  p.  403),  according  to  my  former  results  :— 


Hair 

• 

Whalebone. 

c 

47-2 

Itsa 

47-2 

47-2         47-5 

H 

59 

61 

60 

6-1            6-2 

N 
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0 

S2  02 

CI  03 
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12-6 

Chloride  of  protein  prepared  from  the  trioxide  (former  results)  : — 

Atoms. 
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12-8 

4- 
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2-1 
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1- 
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You  will  perceive,  that  these  old  results  agree  even  better  with 
the  formula  C^  H'^^  N*  0^^,  than  with  the  former  I  gave  for  protein. 
The  determination  of  chlorine  is  accompanied  by  several  difficulties  ; 
and  in  some  of  my  former  results  the  quantity  found  was  too  small. 

I  have  obtained  the  following  results  by  analysing  compounds 
which  shewed  no  action  upon  silver  when  heated  upon  it  with  potash. 
I  have  now  dried  them  under  the  air-pump,  over  sulphuric  acid,  by 
which  means,  if  well  prepared,  they  retain  2  equivalents  of  chlorous 
acid.     They  are  as  follows  : — 

From  albumen, 


Foun(3 
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36 
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42-50 

42-81 
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5 

15-8 
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1-83 
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23-47 

2 

23-4 
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When  this  compound,  which  is  a  bichlorito  of  protein,  is  dried  at 
212°  F.,  it  contains  only  12-17  per  cent,  of  chlorous  acid. 

The  same  body  may  be  obtained  from  the  solution  of  fibrin,  from 
which  protein  has  been  precipitated,  but  this  contains  only  0'6  per 
cent,  of  hyposiilphurous  acid. 

If  through  the  solution  of  albumen,  from  which  protein  has  been 
separated,  a  current  of  chlorine  is  passed,  a  combination  is  always 
obtained  of  C'^'^  H'^*^  N*  O^*^  with  chlorous  and  hyposulphurous  acids, 
but  in  variable  proportions.  That  of  the  latter  acid  varies,  which 
apparently  indicates  that  the  sulphur  is  not  inseparable  from  C**" 
11-^  N^  0^^,  and  is  no  essential  ingredient  of  protein.  But  the  quan- 
tity of  chlorous  acid  also  varies,  and  the  cause  of  this  is,  that,  if  the 
current  of  chlorine  is  continued  for  a  sufficient  length  of  time,  we 
obtain  mixtures  of  protein  with  one  or  two  equivalents  of  chlorous 
acid. 

I  here  give  you  the  result  of  the  analysis  of  these  bodies,  and  this 
I  do  for  two  reasons  : 

\st,  Because  these  very  mixtures  afford  a  proof  that  the  combina- 
tion contains  chlorous  acid,  and  not  chlorine. 

2dy  Because  they  shew,  that  the  sulphur  they  contain,  is  an  acci- 
dental and  not  an  essential  ingredient. 


Kelative  number  of  Atoms. 
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45-4 
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Another  produced — 
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A  third  yielded — 
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ClO^ 

Here  the  proportion  of  sulphur  is  from  0-8  to  1*0  per  cent.^  being, 
in  the  first  instance,  lessened  to  half  the  quantity  contained  in  albumen. 

Any  one  who  can  explain  these  results  in  another  way,  will  do  a 
service  to  science  by  making  it  known.     I  consider  these  bodies  as 
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mixtures  of  neutral  and  acid  combinations  of  chlorous  acid,  with  C'^^ 
H-''  N^  0^^,  and  a  variable  quantity  of  hyposulphurous  acid. 

All  these  chlorites  dried  over  sulphuric  acid  at  the  ordinary  tem- 
perature, appear  white  and  pure.  They  have  all  ihe  same  proper- 
ties, and  tend  to  confirm  the  doctrine  of  protein. 

As  we  must  distinguish  between  chlorite  of  protein  with  hyposul- 
phurous acid,  and  chlorite  of  albumen,  fibrin,  &c.,  we  must  do  so 
also  with  their  other  combinations. 

Thus,  we  must  call  the  compound,  which  I  have  formerly  ana- 
lysed,* tannate  of  albumen.     It  consists  of — 


Atoms. 
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C    54c'2 
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=r(C-^  H25  N^  0^«  +  (04  S  N  H^)  +  H  0)  +  (C^^  H'^  0^  +  2  H  0)  ; 
that  is,  albumen  with  tannic  acid,  which  has  exchanged  one  equivalent 
of  water  for  one  equivalent  of  albumen.  You  see,  that  this  formula 
agrees  also  better  than  the  former  with  my  old  results.  The  same 
applies  to  sulphuric  acid  with  albumen,  and  sulphuric  acid  with  pro- 
tein. 

When  protein  containing  hyposulphurous  acid  is  dissolved  in  strong 
sulphuric  acid,  the  former  is  expelled  and  replaced  by  the  latter,  in 
a  quantity  amounting  to  5  per  cent. 

In  my  following  communications  to  you,  I  hope  to  treat  of  these 
and  other  combinations. 

Believe  me, 

Yours  faithfully, 

(Signed)         G.  T.  Mulder. 

To  Professor  Johnston. 


Important  Information  regarding  the  Cultivation  of  Tea  in  the 
Valley  of  the  Dhoon,  India, 

The  last  Calcutta  Gazette  contains  a  very  important  dis- 
patch from  the  Court  of  Directors,  relative  to  the  capabilities 
of  the  Valley  of  the  Dhoon,  and  the  adjacent  districts,  for  the 
production  of  tea.  Several  valuable  reports  have  recently 
appeared  in  the  local  journals  of  the  success  which  has  at- 
tended the  efforts  of  Dr  William  Jameson  (nephew^  of  Pro- 

*  Bulletin,  1839,  p.  18. 
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fessor  Jameson),  Superintendanb  of  the  Botanic  Gardens  in 
the  north-west  Provinces  of  India,  to  introduce  the  cultiva- 
tion of  this  plant  in  the  north-vi^est,  and  the  public  have, 
therefore,  been  in  a  measure  prepared  for  the  very  gratify- 
ing intelligence  now  communicated  to  the  community.  But 
the  report  of  the  tea-brokers  in  England  on  the  quality  of  the 
article  submitted  to  their  inspection,  exceeds  our  most  san- 
guine expectations.  They  have  pronounced  it  equal  to  China 
tea  of  a  superior  class,  possessing  the  flavour  of  the  orange 
pekoe,  but  more  than  the  usual  strength  of  that  tea,  in  other 
respects  resembling  that  imported  as  Ning  Yong.  One  of  the 
gentlemen  whose  opinion  has  been  obtained,  declares,  "  that 
the  tea  shrub  in  Kemaoon  is  not  only  identical  with  the  China 
plant,  and  as  capable  of  being  made  into  as  fine  a  description 
of  tea,  but  also  that  the  soil  and  climate  in  Kemaoon  are  as 
suited  to  the  favourable  growth  of  the  shrub  as  the  finest  of 
the  China  localities."  The  tea  appears  to  be  as  much  prized 
in  the  district  in  which  it  has  been  raised  as  it  is  in  England, 
One  hundred  and  seventy-three  seers  of  it  were  recently  sold 
at  Almorah,  and  produced  from  four  to  five  rupees  the  seer, 
which  was  equal  to  the  price  of  the  best  tea  sold  in  Calcutta,  at 
the  great  tea  depot  of  D.  Wilson  &  Co.  The  price  for  which 
it  can  be  raised,  according  to  Dr  Jameson's  calculation,  is  so 
low  as  to  afford  the  greatest  encouragement  to  the  application 
of  capital.  He  estimates,  that  if  cultivated  on  a  sufficiently 
large  scale,  the  prime  cost  in  Calcutta,  including  every  ex- 
pense, would  be  little  more  than  eight  annas  a  seer,  or  one- 
eighth  of  the  present  price.  Supposing,  however,  the  cost  of 
cultivation,  manufacture,  and  transport,  to  be  double  this  esti- 
mate, a  sufficient  margin  of  profit  would  still  be  left  to  gra- 
tify the  most  sanguine  speculator.  The  capacity  of  the  pro- 
vinces of  Kemaoon  and  Gurhwall  for  the  enlarged  produc- 
tion of  the  article,  does  not,  moreover,  appear  to  be  limited 
to  particular  localities.  According  to  the  latest  report  which 
has  been  furnished  to  the  Court,  176  acres  were  under  culti- 
vation, containing  not  fewer  than  322,579  plants.  The  crop 
is  thriving  in  diiferent  places  over  four  degrees  of  latitude 
and  three  degrees  of  longitude,  and  100,000  acres  are  now 
available  in  the  Dhoon  alone  for  the  purposes  of  t«a  cultiva- 
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tion.  At  a  maimd  an  acre,  they  would  yield  7,000,000  lb., 
which  is  equal  to  one-sixth  the  entire  consumption  of  Eng- 
land. If  the  application  of  capital  to  this  object  receives  a 
sufficient  impulse,  we  might,  in  the  course  of  ten  or  twelve 
years,  have  the  gratification  of  seeing  England  draw  the 
largest  portion  of  her  supplies  from  this  country,  and  a  new 
trade  of  L.3,000,000  or  L.4,000,000  sterling  a  year,  grow  up  in 
India,  stimulating  industry  and  diffusing  plenty,  and  increas- 
ing the  mutual  benefit  which  the  two  countries  derive  from 
each  other.  The  multiplication  of  the  supply  in  such  abun- 
dance would  also  tend  to  reduce  the  prices  at  home  and 
throughout  the  world,  and  thus  augment  the  consumption. 
Nor  must  we  forget  the  great  impulse  which  these  tea  plan- 
tations— a  large  proportion  of  which  would  necessarily  be  fed 
by  British  capital — must  give  to  steam  communication  be- 
tween the  two  countries,  and  the  additional  importance  they 
would  impart  to  the  establishment  of  a  railway  from  the  port 
of  Calcutta  to  the  north-west  provinces. 

But  the  country  itself  would  reap  no  small  advantage  from 
the  facility  of  obtaining  supplies  of  tea  at  a  reasonable  rate. 
The  natives  of  India  are  partial  to  this  beverage,  and  the  use 
of  it  will  be  extended  in  exact  proportion  to  the  degree  in 
which  it  is  brought  within  their  means.  A  rupee  and  a  half 
a  seer,  at  which  rate  Dr  Jameson  calculates  that  the  cultiva- 
tion will  yield  a  profit  of  nearly  two  hundred  per  cent.,  would 
place  the  Kemaoon  tea  within  the  reach  of  the  whole  body  of 
the  middling  classes  ;  and  the  demand  for  it,  in  the  country 
itself,  would  be  sufficient  to  furnish  the  highest  encourage- 
ment to  perseverance,  independently  of  the  European  mar- 
ket.— Friend  of  India,  Serampore^  Feb.  4,  1847. 


On  the  Occurrence  of  Stones  on  the  surface  of  Glaciers,  as  con- 
nected with  Glacier  Stratification.  In  a  Letter  to  Professor 
Jameson  by  M.  E.  Desok. 

New  Haven,  loth  May  1847. 

Sir, — I  have  just  seen,  in  the  fine  library  of  M.  Silliman, 
the  83d  Number  (vol.  xlii.)  of  your  Journal,  containing  two 
new  letters  upon  glaciers  by  Mr  James  D.  Forbes.     The  facts 


Occurrence  of  Stones  on  the  surface  of  Glaciers.        173 

reported  have  so  much  the  more  interest  in  my  eyes,  as  they 
agree,  in  a  very  satisfactory  manner,  with  the  observations 
made  during  the  last  year  upon  the  glacier  of  the  Aar,  and 
reported  in  the  new  work  of  M.  Agassiz  upon  the  glaciers.* 

It  is  easy  to  perceive,  in  reading  over  the  most  recent  pub- 
lications upon  the  glaciers,  that  the  opposition  between  the 
different  theories  tends  constantly  to  disappear,  in  as  much  as 
facts  take  the  place  of  speculation ;  for  there  can  be  no  doubt 
that  the  different  physical  laws,  as  gravitation,  plasticity, 
expansibility,  which  have  been  insisted  upon  in  a  too  exclu- 
sive manner  by  authors  of  different  theories,  have  each  some 
influence  upon  the  mechanism  of  the  glaciers. 

Nevertheless,  there  are  some  points  which  are  still  viewed 
very  differently  in  the  different  systems,  and  especially  those 
concerning  the  structure  of  the  glaciers.  M.  Agassiz,  as  you 
know,  makes  a  distinction  between  the  strata,  which  are  the 
result  of  the  annual  deposit  of  snow,  and  the  blue  bands.  The 
first,  according  to  him,  extend  entirely  through  tlie  glacier, 
and  very  often  sand  and  fragments  of  rock  are  found  between 
them.  These  are  the  so-called  dirt  bands  of  Mr  Forbes.  The 
blue  bands,  which  are  so  frequent  in  the  middle  and  lower 
part  of  the  glacier,  have  not  the  same  importance,  being 
merely  the  result  of  superficial  fissures  parallel  to  each  other, 
and  usually  agreeing  with  the  general  direction  of  the  strata. 

Mr  Forbes,  on  the  contrary,  looks  upon  them  as  the  con- 
sequence of  the  unequal  rapidity  of  the  movement  in  the  dif- 
ferent parts  of  the  glacier.  He  mentions,  in  his  12th  letter, 
a  fact  concerning  the  glacier  of  La  Brenva,  which,  according 
to  him,  would  be  an  ^^  experimentum  crucis^^  in  favour  of  his 
theory.  The  glacier  of  La  Brenva,  in  the  valley  of  Cha- 
mouni,  like  most  of  the  glaciers  of  the  Alps,  has  increased 
very  rapidly  of  late  years.  Mr  Forbes  has  noticed  that  the 
blue  bands  are  the  most  striking  in  the  most  advanced  por- 
tion of  the  glacier,  at  the  part  below  the  promontory  marked 
B  in  his  figure  (p.  100  of  volume  xlii.  of  this  Journal).  Ac- 
cording to  him,  this  is  owing  to  a  "  longitudinal  tearing,"  and 

*  Systeme  Glaciare,  ou  Kecherches  surles  Glaciers  actuels,  &c.,  with  an  Atlas, 
1847  ;  not  to  be  confounded  with  his  former  work,  entitled.  Etudes  sur  les 
Glaciers,  1840. 
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the  movement  would  be  facilitated  by  the  numerous  fissures 
occasioned  by  this  tearing. 

At  any  rate,  I  must  say  that  this  splitting  supposes  a  de- 
gree of  rigidity  entirely  at  variance  with  the  theory  of  semi- 
fluidity,  and  that  it  could  hardly  be  accounted  for,  even  by 
tlie  theory  of  expansion.  There  is,  I  think,  a  much  more 
simple  way  of  explaining  this  phenomena ;  it  is,  that  the  gla- 
cier, after  having  passed  the  promontory,  where  it  was  some- 
what compressed,  comes  out  into  a  freer  space,  where  it  is 
able  to  expand,  and  the  laminae,  being  seen  projecting  one 
beyond  the  other,  like  the  leaves  of  a  book  when  bent,  be- 
come more  striking.  The  same  thing  takes  place  in  the  gla- 
cier of  the  Rhone,  where  the  laminated  structure  is  more 
striking  below  the  fall  than  above  ;  and  similar  effects  may 
be  observed  in  all  the  lateral  expansions  in  the  glacier  of  the 
Aar. 

I  come  now  to  another  point, — the  appearance  of  stones 
on  the  surface  of  the  glacier.  It  is  a  subject  upon  which 
most  singular  opinions  have  been  expressed,  and  which  ap- 
pears, in  fact,  at  first  most  enigmatical.  When  we  examine 
attentively  the  debris  on  the  surface  of  one  of  our  large  gla- 
ciers, we  see  frequently  masses  and  tracks  of  stones,  which 
commence  in  the  very  midst  of  the  glacier,  without  any  ap- 
parent connection  with  the  mountain  slopes  from  which  the 
lateral  and  medial  moraines  proceed.  We  know,  also,  that 
the  mountaineers  pretend  that  the  ice  of  the  glacier  is  per- 
fectly pure,  including  no  kind  of  foreign  body  in  its  interior ; 
and,  in  fact,  it  is  true  that  we  find  very  rarely  any  foreign 
body  in  the  walls  of  the  crevasses.  Nevertheless,  these  are 
occasionally  found ;  and  therefore  I  agree  entirely  with  Mr 
Forbes  in  thinking  that  all  the  stones  lying  on  the  surface 
of  the  glacier  "  must  previously  have  been  imbedded  in  the 
virgin  ice."  The  question  is,  how  did  they  reach  the  surface  ? 
Mr  Forbes,  referring  to  the  glacier  of  the  Rhone,  which  is 
nearly  destitute  of  stones  in  the  upper  part  of  its  course, 
whilst  he  says  "  they  begin  to  appear  at  the  surface  at  the 
terminal  slope,"  has  proposed  a  very  unexpected  explanation 
to  account  for  their  extrusion,  which  he  has  illustrated  by  the 
diagram,  No.  83,  PI.  II.,  fig.  7,  of  this  Journal.     He  supposes 


Occurrence  of  Stoties  on  the  surface  of  Glaciers.        175 

that  the  stones  "  are  actually  introduced  into  the  ice  by  fric- 
tion at  the  bottom  of  the  glacier,  and  forced  upwards  by  the 
action  of  the  frontal  resistance  which  produces  the  frontal 
dip  of  the  veined  structure,  and  that  they  are  finally  dis- 
persed on  the  surface  by  the  melting  of  the  ice." 

There  is  scarcely  any  geologist  conversant  with  the  phe- 
nomena of  the  glaciers,  who  could  be  satisfied  with  this  ex- 
planation. I  shall  endeavour  to  shew  that  the  appearance  of 
stones  at  the  surface  is  obviously  the  consequence  of  the  pri- 
mitive stratification  in  the  upper  parts  of  the  glacier. 


Let  the  diagram  be  the  longitudinal  section  of  one  of  our 
large  glaciers, — the  Glacier  du  Rhone,  for  example.  Like 
all  the  large  alpine  glaciers,  its  greatest  thickness  is  pro- 
bably at  its  beginning ;  but,  in  consequence  of  the  annual 
mcltinsr,  it  becomes  more  and  more  reduced  as  it  advances. 
In  order  to  supply  its  place,  a  new  stratum  of  snow  is  an- 
nually deposited  at  its  origin,  and  in  the  mean  time  a  certain 
quantity  of  rocks  fall  down  on  it  from  the  neighbouring  moun- 
tain slopes  X.  The  next  winter  this  layer,  with  its  debris,  will 
be  covered  by  a  new  stratum  ;  and  if  there  were  no  melting, 
and  if  the  motion  were  equal  in  all  the  parts  of  the  glacier, 
this  debris  would  remain  buried  (below  the^dotted  horizontal 
line),  and  be  for  ever  concealed  in  the  interior  of  the  glacier. 
But  w^e  know  that  a  certain  amount  of  ice  is  melted  every 
year  from  the  surface  of  the  glacier,  and  in  consequence  of 
this,  the  debris  become  by  and  by  discovered.  The  first  will 
appear  at  the  outcropping  of  the  stratum  a.  Little  farther 
below  another  boulder  will  come  forth  out  of  the  layer  b,  an- 
other, again,  out  of  the  layer  c,  and  so  on,  till  they  become  so 
numerous  that  they  form  regular  tracks.  Beautiful  examples 
of  this  appearance  of  stones  and  moraines  are  shewn  in  the 
map  of  the  Glacier  de  I'Aar,  in  M.  Agassiz'  new  work,  to 
v/hich  I  refer  for  more  ample  information  on  this  subject. 
This  appearance  aff^ords  us,  after  all,  the  most  striking  evi- 
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dence  that  the  primitive  stratification  is  not  obliterated,  as 
Mr  Forbes  has  maintained,  but  that  it  is  preserved  through 
the  whole  mass  of  the  glacier.  They  shew  also,  better  than 
any  discussion,  how  little  analogy  there  is  between  the  struc- 
ture of  the  glacier  and  that  of  a  lava  stream. 

Barton,  30f/t  Mcvj. 

Postscript. — Concerning  the  motion  of  the  glacier  during 
winter,  you  will  see  that  the  results  of  Mr  Forbes,  as  stated 
in  his  14th  letter,  agree,  in  a  very  satisfactory  manner,  with 
those  obtained  by  M.  Agassiz  and  myself  on  the  glacier  of 
the  Aar.  In  this  respect,  as  in  many  others,  the  Glacier  of 
the  Aar  is  not  at  all  an  exceptional  one,  but  is  governed  by 
the  same  laws  as  those  of  Chamouni,  and  all  large  glaciers  in 
general. 

On  the  Manna  of  the  Scriptures. 

Dr  Wright*  describes  a  substance  he  met  with,  under  the  name  of 
manna.  We  found,  says  he,  "  in  one  part  of  the  mountains  (probably 
on  the  return  route)  great  quantities  of  a  sweet  substance  found  on  the 
leaves  of  certain  trees,  generally  the  oak  and  gall-nut  tree,  and 
which  is  called  gezza  in  Koordish,  and'wanna  in  Syriac,  and  perhaps 
honey-dew  in  English.  It  forms  on  the  leaves  in  such  abundance, 
that,  when  they  are  dried  and  pounded,  it  comes  off  in  scales,  and 
is  collected  and  used  as  an  article  of  food.  When  melted  and  strained, 
in  order  to  separate  the  crumbled  leaves,  it  is  very  delicious,  and  is 
eaten  by  the  people  often  in  preference  to  honey.  In  the  summer 
it  is  collected  in  large  quantities,  and  put  up  for  winter  use.  Often, 
as  we  were  riding  along  among  the  trees  loaded  with  it,  we  found  it 
pleasant  to  break  off  the  branches  and  lick  the  leaves,  which  were 
so  coated  with  it,  that  in  a  very  few  minutes  our  appetites  were  sa- 
tisfied. There  is  a  species  of  willow  growing  in  the  water-courses  in 
Persia,  on  which  this  article  is  sometimes  found ;  but  we  have  never 
seen  it  there  in  such  abundance  as  in  the  Koordish  mountains." 

The  term  manna  ordinarily  refers  to  the  well-known  product  of 
several  species  of  Fraxinus,  *'  that  grow  spontaneously  in  Italy  and 
Sicily,  and  very  probably  in  all  the  oriental  Mediterranean  region," 
and  which  is  used  for  medicinal  purposes.  Substances  which  re- 
semble this  in  form,  or  taste,  or  mode  of  production,  are  also  called 
by  the  same  term,  which  in  every  case,  therefore,  needs  defining. 
The  gezza  was  observed  in  June,  and,  from  Dr  Wright's  account,  we 
infer  it  was  a  semifiuid  exudation  upon  the  leaves  of  certain  trees. 

*  Dr  Wright  is  a  member  of  the  American  Mission,  at  Oroomiah,  in  Persia. 
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Thij^has  been  mentioned  by  writers  in  other  parts  of  Asia ;  and  as 
it  differs  so  entirely  from  other  forms  of  manna,  which  occur  under 
peculiar  ciroumstances,  a  few  facts  from  various  authors  may  be 
cited. 

Wellsted,*  in  his  journey  from  Tor  to  Mount  Sinai,  September 
1836,  "  found  in  the  Wadi  Ilibron,  fifteen  miles  from  the  sea,  and 
at  an  elevation  of  about  two  thousand  feet,  the  tree  which  produces 
the  manna.  This  remarkable  substance  is  secreted  by  several  trees, 
and  in  various  countries  in  the  East.  In  some  parts  of  Persia,  it  is 
believed  to  be  an  insect  secretion,  and  is  collected  from  a  shrub  called 
gavany  about  two  feet  high,  bearing  a  striking  resemblance  to  the 
broom.  In  the  hilly  district  of  Looristan  (south-east  from  Koor- 
distan),  as  in  Mesopotamia,  we  find  it  on  several  species  of  oak,  which 
there,  however,  are  of  more  stunted  growth  than  in  England.  From 
these  the  manna  is  collected  in  cloths  spread  beneath  them  at  night, 
and  it  then  bears  the  form  of  large  crystal  drops  of  dew,  such  as  we 
see  on  the  plants  in  England  in  the  early  part  of  the  morning. 
Burckhardt  observes,  that  at  Erzrum  a  substance  resembling  manna 
in  taste  and  consistence,  distils  from  the  tree  which  bears  galls,  and, 
with  the  inhabitants  of  the  country,  forms  one  of  the  principal  ar- 
ticles of  their  food. 

In  the  Horticulturist,  No.  7,  January  1847,  is  an  article  trans- 
lated from  the  Revue  Horticole,  from  which  we  extract  the  follow- 
Jowing  notice  of  what  appears  to  be  the  same  (or  similar)  thing  with 
the  gezza. 

"  Ehrenberg  and  Bove  described  the  '  Manna  Tamarisk,'  which 
is  abundant  throughout  Arabia,  and  even  found  on  Sinai,  900  feet 
above  the  sea.  The  women  and  children  collect  this,  which  flowed 
from  the  branches  of  these  trees.  The  Arabs  clarify  the  manna  by 
dissolving  it  in  warm  water,  and  making  a  syrup,  the  taste  of  which 
is  equal  to  that  of  the  best  honey." 

Under  the  word  "Manna,"  in  the  Diet.  Univ.  d'Hort.  Nat.,  Pa- 
ris, 1846,  is  mentioned  a  short,  stunted,  spinous  shrub,  Hedysarum 
alhagiy  Linn.,  Alhagi  maurorum,  Tourn.,  as  growing  in  the  de- 
serts of  Arabia  and  Persia,  upon  which  is  gathered  a  white  concrete 
juice,  which  is  called  manna  alhagi.  Olivier,  on  his  return  from 
Turkey,  brought  to  France  several  pounds  of  this  substance,  which, 
according  to  Niebuhr,  is  used  in  Persia  instead  of  sugar  in  pastry, 
&c. 

*•  Mr  Lindleyt  has  recently  pointed  out  an  oak,  Quercus  manni- 
/era,  from  the  leaves  of  which  also  drops  a  sweet  substance,  which 
seems  to  have  been  mentioned  under  the  name  chelber  by  Olivier. 
This  name,  which  is  applied  by  the  hordes  of  Korassan  and  Little 
Tartary  to  a  nutritious  substance  which  falls  on  the  ground,  it  is 
easy  to  see,  approaches  very  nearly  to  that  of  Semljenoi-chleb,  by 

*  Travels  in  Arabia,  vol.  ii.,  pp.  47,  48. 
t  Revue  llort.,  as  already  cited. 
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which  i)ame  the  nations  of  the  Kirghiz  designate  the  Le(3anorq>  e9cu^ 
lentar 

Several  ocpurrences  of  what  is  called  a  fall  of  manna  are  attri- 
butable to  the  accumulation  of  the  lichen,  Lecayiora  csculenta  Au- 
chev-doi,*  observed  in  Persja  in  layers  of  nearly  inches  (0  m,  '12 
to  0  m.  'IS)  in  thickness,  He  sent  specimens,  with  the  following 
note,  to  ^Franco : — "  In  1829,  during  the  war  between  Persia  and 
Russia,  there  was  a  great  famine  in  Oroomiah,  south-west  of  the 
Caspian.  One  day,  during  a  violent  wind,  the  surface  of  the  coun- 
try was  covered  by  a  lichen,  which  fell  from  heaven.  The  sheep  imme- 
diately attacked  and  devoured  it  eagerly,  which  suggested  to  the  inha- 
bitants the  idea  of  reducing  it  to  flour,  and  making  bread  of  it,  which  was 
found  to  be  good  and  nourishing.  The  country  people  affirm,  that 
they  had  never  seen  this  lichen  before  nor  after  this  time."  '^  Dur- 
ing the  siego  of  Herat  (which  is  about  876  feet  above  the  sea),  more 
recently,  the  papers  mentioned  a  hail  of  manna  which  fell  upon  the 
city,  and  served  as  fopd  for  the  inhabitants.''  "  A  rain  of  manna 
occurred,  April  1846,  in  the  district  of  Jenischehir,  and  formed  a 
layer  three  or  four  inches  in  thickness.  It  was  of  a  greyish  white 
colour,  rather  hard,  and  irregular  in  form,  inodorous  and  insipid." 

"  Pallas  observed  it  in  the  mountainous,  arid,  and  calcareous  por- 
tion of  the  great  desert  of  Tartary.  M.  Eversham  collected  it  in  the 
steppe  of  the  Kirghiz,  to  the  north  of  the  C^^spian  Sea,  where  it  is 
cr|,lled  semljenoi-chleb.  M.  Ledebour  has  observed  it  in  the  same 
countries,  but  chiefly  those  which  border  on  Altai  and  Bilezikdgi ; 
saw  it  also  in  Anatolia,  in  1845.  Dr  Leyeille  gathered  it  in  Crimea, 
and  Dr  Guyon  recently  in  Algeria." 

"  It  is  found  in  irregular  shaped  bodies,  varying  in  size  from  that 
of  a  pin's  head  to  a  pea  or  small  nut;  and  when  seen  in  its  proper 
sites,  has  never  been  found  attached  to  any  support  whatever.  An 
analysis  of  the  Lecanora  shews  that  there  js  no  fecula  in  its  compo- 
sition." 

Wellsted,  p.  49,  "  learned  from  a  Jewish  Jlabbi,  that,  on  his 
journey  through  the  desert  contiguous  tO  Damascus,  far  removed 
from  trees  qv  vegetation  of  any  kind,  a  substance  was  deposited, 
v.liich,  from  his  description,  in  appearance,  size,  and  flavour,  accu- 
rately resenibled  the  manna  of  the  Scriptures.  Similar  testimony 
was  derive4  from  several  Bedouins." 

It  may  be  remarked,  in  passing,  that  several  writers  have  not  he- 
sitated to  identify  some  of  these  species  with  the  manna  miraculously 
supplied  to  the  Israelites  in  the  wilderness.  They  were  obviously 
acquainted  with  manna  of  some  kind,  from  the  fact  that  they  named 
tl^§  new  substance  from  its  resemblance  to  it. — American  Journal 
of  S()ience  and  Arts,  Second  Series,  vol.  ii.,  No.  9,  p.  350. 

*  Relat.  (Vun  Voy.  en  Orient.,  vol.  ii.,  p.  399. 
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On  the  Temperature  of  the  Geyser  Springs  in  Iceland, 

M.  Flourens  communicated  to  the  Academy  of  Sciences  on  the 
16th  of  November,  the  results  of  some  observations  of  MM.  Descloi- 
zeaux  and  Bunsen  last  July,  on  the  intermittent  boiling  springs  of 
the  Geyser  and  Strockr,*  the  latter  being  within  140  yards  of  the 
Great  Geyser. f  The  observations  were  on  the  temperature  of  the 
water,  in  the  great  column  or  well  of  each,  made  by  suspending  ther- 
mometers at  different  depths,  at  different  times,  before  and  after 
eruptions.  The  Great  Geyser  has  a  depth  of  22  metres  (72  feet), 
and  the  experiments  shewed  that  the  temperature  of  the  column  di- 
minished gradually  from  the  bottom  upwards,  and  that  the  maximum 
temperature  at  the  bottom  before  a  great  eruption  was  127°*6  Centi- 
grade (260^-°  Fahr.),  and  the  minimum  122°  (251J°  Fahr.),  after 
an  eruption.  The  temperature  of  the  water  at  the  surface  was  85°*2 
(185°  Fahr.),  when  that  at  the  bottom  was  127°  C. 

After  an  eruption,  the  lowest  thermometer  stood  at  121°*6  (251^^ 
Fahr.);  nine  hours  afterwards  at  123°-6  (254-J°  Fahr.).  Between 
11  o'clock  A.M.  of  the  6th  July,  and  2*55  p.m.  of  the  7th,  there  was 
no  eruption,  so  that  there  had  been  an  interval  of  nearly  28  hours ; 
and  the  water  at  the  latter  time,  at  the  bottom,  was  127°'6  (261|-° 
Fahr.)  ;  a  quarter  of  an  hour  afterwards  there  was  a  slight  eruption. 

The  Strockr  is  a  circular  well  44|-  feet  deep,  with  an  orifice  of 
about  8  feet,  which  rapidly  diniinishes  downward,  and  at  about  27;^ 
feet  from  the  surface  the  orifice  is  only  10^  inches.  The  column  of 
water  between  the  eruptions  has  a  mean  depth  of  27|-  feet,  so  that 
its  surface,  which  is  in  a  constant  state  of  ebullition,  is  generally  from 
10  to  13  feet  below  the  surface  of  the  ground.  The  temperature  of 
the  water  at  the  bottom  varied  from  112°-9to  114°-2  (235°  to  237^° 
Fahr.),  and  the  same  temperature  continued  throughout  a  depth  of 
about  20  feet,  when  it  began  to  sink,  and  at  the  surface  of  the  w^ter 
the  thermometer  stood  at  100°  (212°  Fahr.). 

These  observations  on  the  temperature  of  the  water  are  highly 
curious  and  important.  We  have  a  temperature  of  261°  Fahr.  at 
the  bottom  of  a  free  open  column  of  water,  in  which  thermometers 
could  be  suspended  on  a  lino  dropped  from  the  surface,  while  it  might 
have  been  expected  that,  as  soon  as  a  film  of  water  at  the  bottom 
was  raijscd  to  a  higher  temperature,  it  would  ascend,  and  be  replaced 
by  a  colder  and  heavier  film,  and  that  thus  a  constant  current  would 


*  It  is  called  Strokkus  in  the  Comptes  Rendus,  but  Henderson  calls  it  Strockr, 
and  says  the  name  is  derived  from  the  verb  "  Strocka,"  to  agitate,  or  bring  into 
motion. 

t  Henderson's  Iceland,  p.  69. 
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be  established  throughout  the  column,  until  the  whole  arrived  at  a 
temperature  of  212°,  when  ebullition  would  commence  and  continue. 
The  pressure  of  the  column  of  water  may  perhaps  account  for  the 
high  temperature  at  the  bottom,  especially  if  the  free  circulation  be 
impeded  by  the  sides  of  the  well  not  being  vertical,  and  still  more  by 
projections  in  the  sides  causing  contractions  of  its  diameter.  But  the 
experiments  of  M.  Donny,  of  the  University  of  Ghent,  published  in 
the  17th  volume  of  the  Memoirs  of  the  Royal  Academy  of  Sciences 
and  Belles  Lettres  of  Brussels,  on  the  Cohesion  of  Liquids,  may  per- 
haps be  considered  as  throwing  some  light  on  this  phasnomenon  of 
the  Geyser.  By  a  series  of  carefully  conducted  experiments,  M. 
Donny  has  shewn  : — 

1.  That  the  constancy  of  the  boiling  point  of  water,  under  ordinary 
atmospheric  pressure,  depends  upon  its  containing  a  considerable 
quantity  of  air, 

2.  That  there  is  a  marked  difference  between  the  boiling  point  of 
water  containing  air,  and  of  water  freed  from  air. 

3.  That  a  small  quantity  of  air  dissolved  in  water,  is  sufficient  to 
attenuate  greatly  the  cohesion  existing  between  the  molecules  of  the 
water. 

4.  That  when  water  is  freed  from  air,  as  far  as  that  is  possible, 
the  cohesion  of  the  molecules  is  so  increased,  that  a  higher  tempera- 
ture is  necessary  to  overcome  it,  and  that  the  boiling  point  is  very 
considerably  raised. 

M.  Donny  succeeded  in  raising  the  temperature  of  water  so  freed 
of  air  to  135°  Centigrade  (equal  to  275°  of  Fahr.),  under  the  ordi- 
nary atmospheric  pressure,  without  its  exhibiting  any  symptom  of 
ebullition, — shewing,  that  the  cohesion  of  the  molecules  was  nearly 
equal  to  the  pressure  of  the  three  atmospheres  on  water  containing 
air.  This  is  a  fact  most  important  to  bear  in  mind  in  reasoning 
upon  many  geological  phsenomena,  particularly  those  connected  with 
the  solution  of  silica. 

The  further  researches  of  M.  Donny,  recorded  in  the  same  memoir, 
appear  also  to  offer  an  explanation  of  the  violent  and  intermittent 
eruptions  of  the  Geyser ;  for  he  states,  that  if  water  deprived  of  air 
be  exposed  to  so  considerable  an  increase  of  temperature  as  to  over- 
come the  force  of  the  cohesion  of  the  molecules,  the  production  of 
vapour  is  so  instantaneous  and  so  considerable  as  to  cause  an  ex- 
plosion. As  water  long  boiled  becomes  more  and  more  deprived  of  its 
air,  M.  Donny  attributes  the  sudden  bursting  of  the  boilers  of 
steam-engines  to  the  same  cause. — Address  delivered  at  the  Anni- 
versary Meeting  of  the  Geological  Society  of  London,  By  Leo- 
nard Horner, 
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On  the  Origin  of  the  Sand-hillocks  of  St  Ives  Bay^  JFIiitesand 
Bay,  and  Mount's  Bay.  By  RiCHARD  EDMONDS,  jun.,  Esq.* 

The  sand-hills  of  St  Ives  Bay,  which  are  almost  entirely 
covered  with  turf,  the  arundo  arenaria,  mosses,  and  other 
plants,  occupy  some  square  miles  of  the  northern  coast  of  Corn* 
wall,  and  consist  chiefly  of  comminuted  marine  shells,  carried 
from  the  shore  by  violent  winds. 

They  are  called  "  the  Towans'*  from  the  Cornish  word 
towyn,  "  a  turfy  down," — the  word  "  down"  being,  perhaps,  a 
mere  corruption  of  *•  towyn"  by  the  very  common  change  of 
the  letter  t  into  d.  And  it  is  remarkable  that  the  name  Les 
Landes,1[  '*  barren  heaths,"  given  to  the  sandy  district  on  the 
south-western  coast  of  France,  is  almost  precisely  the  same 
with  Lelant,  the  parish  in  the  Towans,  where  an  ancient  mar- 
ket-town is  said  to  have  been  buried  by  the  sand.  Hence, 
Towans,  Downs,  Lelant,  and  Les  Landes  (here,  again,  the  t  is 
converted  into  d)  may  be  all  regarded  as  synonymous. 

Some  suppose,  according  to  an  old  tradition,  that  these 
sand-hills,  with  the  exception  of  a  few  feet  immediately  be- 
low the  surface,  were  blown  in  during  one  tremendous  tem- 
pest. X 

Others,  judging  from  the  dark  horizontal  lines — the  re- 
mains of  old  vegetable  surfaces — which  occur  at  various 
depths  within  a  few  feet  of  the  present  surface,  and  which 
alternate  with  layers  of  light  sand,  consider  that  the  hillocks 
were  formed  by  a  succession,  at  distant  intervals,  of  thick  de- 
posits, which  always  buried  the  then  growing  turf,  and  some- 
times to  considerable  depths.  § 

A  third  hypothesis  which  I  would  suggest  is,  that  the  sand 

*  Read  before  the  Royal  Geological  Society  of  Cornwall,  on  the  15th  of  Oc- 
tober 1846. 

t  Lande  "  (/ranch  etendue  de  terre  qui  n^est  pas  propre  au  labour."  Dictionaire 
Breton. 

X  A  similar  opinion  prevailed  in  reference  to  the  sand-banks  of  Mount's 
Bay.     See  Trans,  of  the  Royal  Geological  Society  of  Cornwall,  1826,  p.  179. 

§  See  Sir  11.  De  la  Becho's  Geological  Report  of  Cornwall,  Devon,  and 
Somerset,  p.  445. 
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has,  for  the  most  part,  accumulated  imperceptibly  upon  a 
continuously  growing  vegetable  surface, — the  deposits  during 
a  single  storm  being  too  slight  to  cover  the  herbage  or  to 
check  its  growth,  except  occasionally,  when  they  were  suffi- 
ciently copious  to  bury  it  etitirely  ;  yet  not  so  deeply  but  that 
the  turf  has  soon  reappeared,  and  the  gradual  accumulation 
has  proceeded  as  before.  These  occasional  complete  cover- 
ings of  the  herbage  may  be  inferred  from  the  dark  lines  or 
vegetable  remains  above  noticed,  and  even  in  their  absence 
from  the  perfectly  preserved  land  shells  which  are  frequently 
found  more  numerous  in  horizontal  lines  than  in  the  sand 
immediately  above  or  below  them  ;  for  these  lines,  although 
not  dark,  are  like  the  former,  most  probably,  sites  of  old  ve- 
getable surfaces  whereon  the  inhabitants  of  the  shells  sub- 
sisted. Generally,  however,  the  shells  ar^  not  thus  une- 
qually distributed,  but  occur  precisely  as  if  the  sand  had 
been  gradually  accumulating  and  burying  them,  without  ever 
completely  covering  the  growing  turf  whereon  the  animals 
were  feeding  or  hybernating. 

A  few  months  since,  while  examining  some  of  the  deep 
cuttings  ill  the  hillocks  about  a  mile  from  the  sea,  I  disco- 
vered, at  the  depth  of  about  50  feet,  imbedded  in  a  uniform 
mass  of  sand,  a  great  number  of  small  land  shells,  within  a 
space  only  half  an  inch  thick  and  three  inches  square.  The 
shells  were  mingled  with  sand  ;  and  as  they  consisted  of  not 
less  than  ten  different  species,  the  space,  probably,  small  as 
it  was,  included  several  nests. 

From  the  perfect  preservation  of  these  shells,  and  from  the 
impossibility  of  their  inhabitants  finding  subsistence  on  the 
bare  sands,  I  conclude  that  they,  as  well  as  the  numerous 
other  l^nd-shells  which  occur  in  an  entire  state  in  the  hil- 
locks at  all  depths,  must  have  been  imbedded  in  situ — in  con- 
tact with  vegetable  surfaces,  whose  former  existence,  it  ap- 
pears therefore,  is  now  generally  indicated  only  by  the  exu- 
viae of  the  animals  which  once  pastured  on  them. 

The  shells  found  in  the  small  space  above  described,  are 
of  the  following  species,  in  various  stages  of  growth  : — helix 
virgata^  and  pulchella  ;  zonites  radiatulus ;  zua  lubrica  ;  buli- 
mus  acutiis ;  pupa  umbilicatai  marginata^  a^d  anglica ;  vertigo 
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edenlula ;  And  bithinitt  ventricomi  Those  which  I  found  in 
other  parts  of  the  Towans,  at  vadous  depths,  are  helix  aspef' 
sa,  nerttoralis,  hortensis  virgata,  and  ericetorum  ;  bulimies  acu- 
tus  ;  zua  lubrica  ;  and  pupa  marginata  ;  in  all^  fouHeen  spe- 
cies, of  which  the  most  abundant^  as  well  beneath  as  on  the 
present  surfacdi  w^fe  the  bulimm  acutus,  helix  virgattti  and 
helix  ^ricetofUM. 

Mr  R.  y.  Couch,  authoi*  of  the  Cornish  Faiitia,  who  kindly 
furnished  me  with  the  names  of  these  shells,  makes  the  fol- 
lowing interesting  remarks  in  his  letter  to  me  on  the  occa- 
sion. "  Of  the  Helices  all  are  common  in  the  locality  except 
the  helix  pulchella,  Thi^  last  I  have  found  near  Falmouth, 
at  Pendennis ;  near  Penzance,  at  Trereife ;  and  near  the 
Land's-end.  It  is,  ho\V6ver,  rare  in  this  coimty.  The  quan- 
tity found  on  the  ToWans  ^Vithin  so  small  a  spac6  is  very  re^ 
markable,  and  should  further  research  shew  that  they  are  of 
frequent  occurrence  in  other  parts  of  the  Towans,  we  must 
come  to  the  conclusion  that  they  were  once  abundant  in  Corn- 
wall, but  are  now  gradually  becoming  extinct  in  this  locality. 
The  pupa  marginata  and  bithinia  ventricosa  are  very  rare  :  I 
have  found  a  few  dead  specimens  near  Hayle,  and  at  White- 
sand  Bay,  which  might  have  come  from  the  sand-hills,  but  I 
have  not  yet  found  them  alive  in  Cornwall.  It  would  be  very 
desirable  to  examine  the  Towans  at  different  depths,  to  ascer- 
tain the  changes  which  the  Fauna  of  our  county  has  been  un- 
dergoing during  the  last  one  or  two  thousand  years." 

The  observations  now  made  on  the  origin  of  the  sand-hills 
of  St  Ives,  are  equally  applicable  to  those  of  Whitesand  Bay,* 
near  the  Land's-end,  and  to  the  sand-banks  of  Mount's  Bay, 
except  that  the  last  are  principally  granitic.  I  have  examined 
the  sand-bank  between  Penzance  and  Marazion,  especially 
the  highest  part  of  it,  near  Marazion  Bridge,  and  have  found, 
throughout  a  depth  of  about  10  feet  from  the  surface,  a  great 
number  of  land-shells  (Jielix  virgata  and  bulimus  acutus)  in 
perfect  preservation,  and  in  similar  circumstances  to  those 


*  Besides  the  helix  virgata  and  bulimus  acutus,  with  which  the  sections  of  the 
sands  of  Whitesand  Bay  are  thickly  studded,  I  found  there  likewise  a  specimen 
of  the  clausiUa  biUcntata. 
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already  described  ;  so  that  (like  the  sand-hills  of  St  Ives  and 
Whitesand  bays)  these  sand-banks  have  apparently  arisen 
from  successive  deposits  which  did  not  cover  the  growing  turf, 
except  occasionally,  when,  being  more  copious  than  usual, 
they  have  completely  buried  it,  although  not  so  deeply  as  to 
prevent  its  speedy  reappearance  above  the  sand. 

To  this  process  of  accumulation  by  the  agency  of  the  winds, 
one  very  remarkable  exception  remains  to  be  noticed.  It  oc- 
curs in  the  bank  near  Marazion  Bridge,  where,  in  one  in- 
stance>  a  complete  covering  of  the  herbage  appears  to  have 
proceeded  directly  from  tlie  sea — from  the  waves  of  an  earth- 
quake,* or  some  extraordinary  high  tide  coinciding  with  a 
furious  south  wind.  For  in  the  section  of  this  bank,  a  layer, 
an  inch  or  two  thick,  of  small  rounded  pebbles,  may  be  seen 
3  feet  below  the  surface,  and  more  than  15  feet  above  the 
level  of  high  water  ;  whilst  in  the  subjacent  sand,  deposited 
probably  by  the  winds  alone,  numerous  perfect  land  shells 
are  imbedded  throughout  a  depth  of  4  or  5  feet  beneath  the 
pebbles. 


SCIENTIFIC  INTELLIGENCE. 

GEOLOGY  AND  MINERALOGY. 
1.  Example  of  apparent  Drift- Furrows  dependent  on  Struc- 
ture. By  C.  B.  Adams,  State  Geologist  of  Vermont^  8fc.  {Com- 
municated for  this  Journal.) — The  attention  of  geologists  having 
been  lately  called  to  the  question,  whether  the  grooves  and  strisc 
commonly  attributed  to  drift  agency,  may  not  be  due  to  structure,-\ 
it  may  not  be  improper,  in  anticipation  of  the  results  of  the  survey 
of  Vermont,  to  mention  an  example  in  which  this  is  undoubtedly 
the  case.  Mr  Macintosh,  the  author  of  the  article  which  is  alluded 
to,  and  which  was  read  before  the  Geological  Society  of  London,  par- 
ticularly suggests  that  such  may  be  the  origin  of  the  examples  in 
the  United  States,  described  by  President  Hitchcock, — a  suggestion, 
we  will  venture  to  add,  which  must  have  occasioned  much  surprise 
in  those  who  are  familiar  with  these  effects  of  drift  agency  in  the 
New  England  States,  unless  they  also  may  have  met  with  facts  of 
the  same  nature  with  those  which  are  the  subject  of  this  brief  notice. 

*  See  Trans,  of  the  Royal  Geological  Society  of  Cornwall,  1843,  p.  113. 
t  In  this  Journal,  2d  Ser,,  vol.  i.,  p.  277;  and  Sir  R.  1.  Murchison's  Geo- 
logy of  Russia  and  the  Ural  Mountains,  vol.  i.,  p.  566. 
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Not  far  from  the  geographical  centre  of  Vermont,  in  the  town  of 
Randolph,  on  ascending  a  hill  a  mile  east  of  the  centre  village,  may- 
be seen  a  ledge  of  argillo-mica-slate,  in  which  the  planes  of  lamina- 
tion do  not  coincide  with  those  of  deposit.  The  former  have  a  di- 
rection of  north  Zb^  east  (true  meridian),  and  a  dip  of  30°  to  the 
north,  55°  west.  The  true  strata  have  a  direction  of  north  and 
south,  with  a  dip  of  65°  west ;  and  although  much  less  conspicuous 
than  the  cleavage  planes,  are  distinguished,  Avithout  much  difficulty, 
by  a  slight  difference  of  materials,  in  consequence  of  which  they 
weather  unequally,  so  as  to  form  shallow  grooves  with  a  well-rounded 
excavation  of  3  to  6  inches  wide,  and  an  inch  deep.  The  coinci- 
dence of  the  direction  of  these  grooves,  with  the  ordinary  cases  of 
drift-furrows,  and  their  obliquity  to  the  planes  of  lamination,  which 
are  obvious  to  the  passing  traveller,  who  may  not,  without  special 
examination,  recognise  the  true  stratification  of  the  rock,  as  well  as 
the  well-rounded  excavation  of  the  grooves,  due,  no  doubt,  to  the 
gradual  transition  in  the  characters  of  the  strata,  combine  to  present 
a  case  of  extraordinary  resemblance  to  genuine  drift-furrows. 

It  is  proper  to  add,  that  the  examination  of  several  hundred  ex- 
amples of  rounded,  smoothed,  striated,  and  furrowed  rocks,  has 
brought  to  light  only  this  case,  in  which  structural  grooves  bear 
any  resemblance  to  those  which  have  resulted  solely  from  an  exter- 
nal mechanical  force.  The  suggestion  of  Mr  Macintosh  is,  there* 
fore,  plainly  incapable  of  general  or  even  common  application,  al- 
though cases  may  occur  in  which  it  is  worthy  of  careful  attention. 
Indeed,  President  Hitchcock  has  himself*  most  scrupulously  distin- 
guished the  drift-furrows  from  those  which  are  due  to  structure. 
Sir  R.  T.  Murchison  also  remarks,  that  *'  the  greater  number  of 
the  deviously  parallel  scratches  on  the  worn  surface  of  the  hard  cry- 
stalline rocks  of  the  north,  are,  in  our  opinion,  clearly  mechanical, 
and  cannot  be  connected  with  structural  condition." — American 
Journal  of  Science,  Literature,  and  Arts,  vol.  iii.,  p.  433. 

2.  Food  of  the  Mastodon. — fProc.  Bost.  Nat.  Hist.  Soc.J — Pro- 
fessor Gray  stated,  that  there  had  been  recently  placed  in  his  hands 
Kpccimens  of  earthy  matter,  filled  with  finely  broken  fragments  of 
branches  of  trees,  which  were  said  to  have  been  found  occupying  the 
place  of  the  stomach  in  the  skeleton  of  the  mastodon  exhumed  on 
Schooley's  Mountain,  N.  I.,  and  lately  exhibited  in  Boston.  As  si- 
milar observations  are  said  to  have  been  made  in  several  instances. 
Professor  Gray  was  induced  to  examine  the  substance  brought  to  him. 
The  wood  evidently  consisted  of  branchlets  of  one,  two,  and  three 
years  old,  broken,  quite  uniformly,  into  bits  of  half  an  inch  or  so  in 
length,  with  only  now  and  then  traces  of  the  bark  remaining  on  the 
wood.  The  wood  was  not  at  all  fossilized,  and  was  but  slightly  de- 
cayed.   From  the  appearance  of  the  branchlets  examined,  Professor 
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Gray  inferred  that  they  belonged  to  some  coniferous  tree  or  shrub, 
and  probably  to  a  kind  of  spruce  fir,  rather  than  to  a  true  pine. 
This  inference  was  borne  out  by  the  examination  of  thin  slices  of  the 
wood  by  the  microscope.  The  woody  fibre  tvas  very  beautifully  and 
distinctly  marked  with  the  circular  discs  that  are  characteristic  of  all 
coniferous  wood.  The  structure  agreed  quite  perfectly  with  that  in 
similar  branchlets  of  the  common  hemlock  spruce.-^ — American  Jour- 
nal of  Science,  Literature,  and  Arts,  Now  Series,  vol.  iii,.  No.  9, 
p.  436. 

3.  Large  Plates  of  Mica. — The  Vittim  is  remarkable  for  a 
mica  mine,  which  is  said  to  produce  the  largest  and  Clearest  sheets  of 
the  substance  in  the  world,  some  of  them  being  quite  pure  to  the  ex- 
tent of  two  feet  and  a  half  ^qi\2i,vG.— Narrative  of  a  Journey  round 
the  World,  by  Sir  George  Simpson,  vol.  ii.,  p.  334. 

4.  Lake  Baikal. — Lake  Baikal  is  about  seven  or  eight  hundred 
versts  in  length,  and  about  seventy  or  eighty  broad  at  its  widest 
part.  The  waters  are  as  clear  as  crystal,  everywhere  deep,  and  in 
many  placies  unfathomable.  Besides  the  humberless  cascades  that 
rush  down  its  walls  of  mountains,  it  receives  many  rivers,  more  es- 
pecially the  Angara  at  its  northern  extremity,  and  the  Selonga  on 
its  eastern  side,  towards  the  south ;  and  its  single  outlet,  in  spite  of 
the  superior  claims  of  the  Selenga,  on  the  double  ground  of  position 
%nd  magnitude,  professes  in  its  name  to  be  a  continuation  of  the  re- 
mote and  comparatively  inconsiderable  Angara.  The  two  Angaras 
are  sometimes  distinguished  from  each  other  as  Upper  and  Lower. 
The  quantity  of  water  which  issues  from  the  lake  is  believed  to  be 
vastly  less  than  that  which  flows  into  it,  the  difference  being,  in  all 
probability,  too  great  to  be  explained  by  evaporation  alone.  In  this 
view  uf  the  thing,  a  large  portion,  as  a  matter  of  course,  must  be  ab- 
sorbed, an  operation  which  the  volcanic  origin  of  the  huge  hollow 
may  be  supposed  likely  to  facilitate.  In  fact,  the  lake  presents  cer- 
tain features  which  have  induced  individuals  to  infer  that  it  has  a 
subterranean  communication  with  the  ocean.  It  is  the  only  body  of 
fresh  water  in  the  world  that  possesses  phocoe  or  seals ;  and  when 
agitated,  in  the  way  already  mentioned,  by  invisible  curves,  it  throws 
up  to  its  surface  quantities  of  small  fish,  which  are  never  seen  at  any 
other  time.  In  illustration  of  the  mysterious  agencies  of  nature, 
which  produces  the  same  ends  by  contrary  means,  I  subjoin  two  pas- 
sages from  Baron  Wrangell's  interesting  work. 

"  These  flat  valleys  are  occasionally  filled  with  water,  by  the  over- 
flowing of  the  rivers  in  spring,  when  they  form  lakes  of  various 
sizes,  all  very  full  of  fish.  The  intense  frosts  of  winter  cause  large 
clefts  in  the  ground,  by  which  the  water  drains  off",  sometimes  in  the 
course  of  a  single  year,  sometimes  in  several. 

"A  curious  phenomenon  occurs  in  the  lakes  in  the  vicinity  of  the 
village  of  Alasey a.  In  the  middle  of  winter,  the  water  sometimes 
suddenly  disappears  without  any  side  channels  being  visible.      In 
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such  cases  a  loud  noise  is  heard  at  the  time  the  water  disappears, 
and,  when  the  bottom  of  the  lake  is  laid  bare,  large  clefts  are  visible, 
occasioned  by  the  severity  of  the  frost.'' — Narrative  of  a  Journey 
round  the  World,  hy  Sir  George  Simpson,  vol.  ii.,  p.  381. 

5.  Chiolite,  a  new  mineral  from  Miask;  By  Fr.  v.  Worth. — 
Chiolite  is  a  massive  mineral  resembling  cryolite.  It  occurs  granu- 
lar, with  a  shining  lustre,  and  presenting  a  greyish,  yellowish,  or 
snow-white  colour.  The  streak  is  snow-white.  The  hardness  is  be- 
tween calc-spar  and  lluor-spar.  Specific  gravity  of  the  masses, 
2*6209  ;  of  the  powder,  2-770.  The  structure  of  the  massive  pieces 
is  imperfectly  foliated,  and  the  surface  of  foliation  exhibits  a  lustre 
between  greasy  and  vitreous.  The  specimen  exhibited  by  M.  Worth 
indicated  that  it  was  associated  with  lithic  mica,  massive  fluor-spar, 
and  quartz.  It  melts  easily  in  the  flame  of  a  candle,  but  at  first 
decrepitates.     Its  transparency  increases  in  water. 

According  to  the  chemical  analysis  of  A.  Chodner,  it  consists  of 
aluminum  16*48,  sodium  25*72,  potassium  0'58,  magnesium  0*76, 
yttrium  1*04,  fluorine  56-00  =  100-38,  giving  the  formula  2  Na  Fl, 
and  also  in  its  higher  specific  gravity.  The  name  chiolite  is  from  the 
Greek  word  to  snow. — Verhandl.  Min.  Ges.  zu  St  Petersburg, 
1845-46. 

6.  Arsenic  in  Mineral  Waters. — Arsenic  has  been  found  by 
M.  Valchner  in  various  mineral  waters  at  Viesbade  in  Germany,  and 
this  has  been  confirmed  by  M.  Figuer.  The  last-mentioned  chemist 
has  ascertairied  that  arsenic  is  in  the  state  of  arsenous  acid,  and  that 
the  proportion  is  nearly  0*045  grammes  in  100  litres  of  the  water. 
He  detected  no  arsenic  in  the  waters  of  Passy. — L^Institut,  No.  670. 

7.  Nitrification. — ^M.  Dumas  states,  that  when  a  current  of 
moist  air  containing  ammonia  is  directed  upon  a  solution  of  potash, 
the  temperature  being  at- 100°  C,  a  quantity  of  nitrate  of  potash  is 
formed  throuo-li  a  chano-e  of  the  ammonia  into  nitric  acid.  He  re- 
marks  that  this  experiment,  which  accords  with  the  labours  of  M. 
Kuhlman  on  nitrification,  was  suggested  to  him  by  observations  which 
he  had  recently  made  upon  the  conversion  of  sulphuretted  hydrogen 
into  sulphuric  acid. — Vlnstitut^  No.  674. 

8.  Phosphate  of  Lime  in  Organic  Beings. — M.  Dumas  attributes 
the  disaggregation  of  bones  on  exposure  in  the  soil,  and  the  removal 
of  the  phosphate  of  lime  by  water,  to  two  causes,  the  one  of  feeble 
intensity,  and  acting  rarely ;  the  other  of  great  force,  and  always  in 
action.  The  first  depends  on  the  ammoniacal  salt  in  waters,  which  salt 
enables  them  to  dissolve  phosphate  of  lime ;  this  salt  is  everywhere 
present,  but  in  so  small  a  quantity  as  to  have  comparatively  little  in- 
fluence. The  second  depends  on  carbonic  acid,  which  appears  to  be 
the  true  solvent  of  phosphate  of  lime ;  for  waters  charged  with  car- 
bonic acid,  dissolve  large  quantities  of  it.  Alkalies  and  ebullition 
separate  tho  carbonic  acid,  and  precipitate  the  salt,  'i'he  action  of 
thib  ucid  is  so  powerful,  that  shavings  of  ivory  placed  in  a  bottle  of 
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Seltzer  water,  are  softened  in  twenty-four  hours,  as  if  in  cliloroliy- 
dric  acid ;  and  the  Seltzer  water  contains,  afterwards,  all  the  phos- 
phate of  lime  contained  in  the  ivory.  This  property,  adds  Dumas, 
enables  us  to  understand  the  introduction  of  phosphate  of  lime  into 
plants.  These  facts  explain  the  disaggregation  of  bones,  and  the 
dissemination  of  the  phosphate  of  lime  in  the  soil  through  the  car- 
bonic acid  contained  in  rain  waters;  they  shew  how,  in  the  animal 
economy,  bones  may  be  redissolved  by  the  venous  blood  charged  with 
carbonic  acid;  they  indicate  the  part  which  the  fluoride  of  calcium 
acts  in  the  teeth,  in  protecting  the  osseous  portion  from  the  carbonic 
acid  disengaged  from  the  lungs,  and  dissolved  also  in  the  saliva, 
which  at  the  same  time  is  alkaline,  to  neutralize  the  action  of  the  acid. 
Dumas  suggests  the  use  of  carbonated  waters  for  persons  affected 
with  calculi  of  phosphate  of  lime. — U Institute  No.  674. 


ZOOLOGY. 

9.  Vampire  Bats. — At  sunset  swarms  of  bats  flutter  through 
field  and  forest  in  all  directions,  and  greedily  devour  the  insects  which 
in  the  twilight  awaken  to  full  activity.  Some  of  these  bats  (Phyl- 
lostoma  hastatum,  Geoff.)  are  remarkable  for  their  expanse  of  wing, 
which  measures  nearly  two  feet.  Others  are  distinguished  for  ugli- 
ness and  for  their  offensive  smell.  These  latter  fly  into  the  Indian 
huts  at  night  and  greatly  annoy  the  inhabitants,  who  cannot  get  rid 
of  them  by  fire  or  smoke,  or  any  other  means,  until  at  the  midnight 
hour  they  retire  of  their  own  accord.  Not  less  troublesome  are  the 
leaf-nosed  bats  (Phyllostoma),  which  attack  both  man  and  beast. 
This  bat  rubs  up  the  skin  of  his  victim,  from  which  he  sucks  the 
blood.  The  domestic  animals  suffer  greatly  from  the  nocturnal  at- 
tacks of  these  bats,  and  many  are  destroyed  by  the  exhaustion  con- 
sequent on  the  repeated  blood-sucking.  The  blood  drawn  by  the 
bat  itself  doefe  not  exceed  a  few  ounces ;  but  if,  when  satisfied,  it 
drops  down  to  the  ground  or  flies  away,  the  wound  continues  to  bleed 
for  a  long  time,  and  in  the  morning  the  animal  is  often  found  in  a 
very  weak  condition,  and  covered  with  blood.  One  of  my  mules,  on 
which  a  leafed-nosed  bat  made  a  nightly  attack,  w^as  only  saved  by 
having  his  back  rubbed  with  an  ointment  made  of  spirits  of  camphor, 
soap,  and  petroleum.  The  blood-suckers  have  such  an  aversion  to 
the  smell  of  this  ointment,  that  on  its  application  they  ceased  to  ap- 
proach the  mule.  These  bats  are  very  mischievous  in  the  planta- 
tions of  the  forests,  where  beasts  of  burthen  and  horned  cattle  are 
exposed  to  their  attacks.  Whether  they  venture  to  assail  man  has 
been  a  much  disputed  question.  Several  travellers  declare  that  they 
do  not ;  I  may,  however,  mention  a  case  which  occurred  within  my 
own  knowledge.  A  bat  (PA.  erythromos^  Tsch.)  fastened  on  the  nose 
of  an  Indian  lying  intoxicated  in  a  plantation,  and  sucked  so  much 
blood  that  it  was  unable  to  fly  away.     The  slight  wound  was  fol- 
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lowed  by  such  severe  inflammation  and  swelling,  that  the  features  of 
the  Cholo  were  not  recognisable. — Travels  in  PerUj  by  Von  J.  J. 
Tschudi,  p.  418. 


BOTANY. 

10.  Quinuay  or  Chcnopodmm  Quinoa,  as  a  partial  substitute  for 
the  Potato. — Maize  is  the  species  of  grain  most  extensively  culti- 
vated in  the  Sierra;  it  is  of  excellent  quality,  though  smaller  than 
that  grown  on  the  coast.  Wheat,  though  it  thrives  well,  is  cultivated 
only  in  a  very  limited  quantity,  and  the  bread  made  from  it  is  ex- 
ceedingly bad.  The  other  species  of  European  grain,  barley  ex- 
cepted, are  unknown  to  the  Serranos.  To  compensate  for  the  want 
of  them,  they  have  the  quinua  (Chenopodium  Quinoa,  L.),  which  is 
at  once  a  nutritious,  wholesome,  and  pleasant  article  of  food.  The 
leaves  of  this  plant  before  it  attains  full  maturity,  are  eaten  like  spi- 
nach; but  it  is  the  seeds  which  are  most  generally  used  as  food. 
They  are  prepared  in  a  variety  of  ways,  but  most  frequently  boiled 
in  milk  or  in  broth,  and  sometimes  cooked  with  cheese  and  Spanish 
pepper.  The  dried  stems  of  the  quinua  are  used  as  fuel.  Experi- 
ments in  the  cultivation  of  this  plant  have  been  tried  in  some  parts 
of  Germany,  and  with  considerable  success.  It  would  appear,  how- 
ever, that  its  flavour  is  not  much  liked ;  a  circumstance  rather  sur- 
prising to  the  traveller  who  has  tasted  it  in  Peru,  where  it  is  re- 
garded in  the  light  of  a  delicacy.  It  were  to  be  wished  that  the 
general  cultivation  of  the  quinua  could  be  introduced  throughout 
Europe ;  for  during  the  prevalence  of  the  potato  disease  this  plant 
would  be  found  of  the  greatest  utility.  It  is  a  well  known  fact  that 
potatoes  and  tea,  two  articles  now  in  such  universal  use,  were  not 
liked  on  their  first  introduction  into  Europe.  The  quinua  plant, 
which  yields  a  wholesome  article  of  food,  would  thrive  perfectly  in 
our  hemisphere,  and,  though  in  its  hitherto  limited  trial  it  has  not 
found  favour,  there  is  no  reason  to  conclude  that  it  may  not  at  a 
future  time  become  an  object  of  general  consumption. — Travels  in 
Peru,  bx/  Dr  J.  J.  Von  Tschudi,  p.  36?. 

11.  Separation  of  Silica  from  Plants. — Dr  C.  T.  Jackson  de- 
scribed a  new  method  of  separating  silex  from  the  stems  of  reeds, 
rushes,  straw,  and  grass,  which  he  had  contrived  while  aiding  the 
manufacturer  of  paper  and  hemp  from  reeds.  He  thought  it  might 
prove  a  convenient  mode  of  demonstrating  the  presence  of  silex  in 
plants  to  a  class  in  the  lecture  room,  and  that  it  could  be  applied  in 
chemical  analysis  of  such  plants  as  have  a  covering  of  silex.  The 
process  is  as  follows  : — 

The  reeds  are  crushed  or  split,  moistened  with  water,  and  placed 
in  a  leaden  tube  or  cylindrical  reservoir,  and  a  smaller  tube  is  con- 
nected with  one  end  of  it  and  carried  down  into  a  glass  of  water. 
Then  a  leaden  bottle,  being  charged  with  pulverized  fluor-spar  and 
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concentrated  sulphuric  acid,  is  connected  with  the  opposite  end  of 
tlic  reservoir,  and  the  hottom  of  the  bottle  is  carefully  heated  by  a 
spirit-lamp,  or  by  means  of  sand  heated  below  the  melting  point  of 
lead.  The  fluohydric  acid  gas  passes  over  and  through  the  reeds  in 
the  reservoir,  and  takes  up  all  the  silex  in  the  state  of  lluo-hydro- 
silic  acid  gas,  which  passing  into  the  water  is  decomposed,  and  hy- 
drate of  silica  is  deposited  as  a  gelatinous  mass,  separable  by  means 
of  a  filter.  The  vegetable  fibre,  on  being  removed  from  the  reser- 
voir and  washed,  is  destitute  of  silica. — Proceedings  of  the  Sixth 
Annual  Meeting  of  the  Association  of  American  Geologists  and 
Naturalists,  April  1845,  p.  44. 

12.  Collecting  of  Peruvian  Bark. — In  the  month  of  May,  the 
Indians  assemble  to  collect  Peruvian  bark,  for  which  purpose  they 
repair  to  the  extensive  Cinchona  \voods.  One  of  the  party  climbs 
a  high  tree,  to  obtain,  if  possible,  an  uninterrupted  view  over  the  forest, 
and  to  spy  out  the  3Ianchas,  or  spots  where  there  are  groups  of  Pe- 
ruvian bark  trees.  The  men  who  thus  spy  out  the  trees  are  called 
Cateadors  or  searchers.  It  requires  great  experience  to  single  out 
the  dark  leaf-covered  expanse,  the  Cinchona  groups,  merely  by  the 
particular  tint  of  the  foliage,  which  often  differs  but  very  little  from 
that  of  the  surrounding  trees.  As  soon  as  the  Cateador  has  marked 
out  and  correctly  fixed  upon  the  mancha,  he  descends  to  his  com- 
panions, and  leads  them  with  wonderful  precision  through  the  almost 
impenetrable  forest  to  the  group.  A  hut  is  immediately  built, 
which  serves  as  a  resting-place  during  the  night,  and  is  also  used 
for  drying  and  preserving  the  bark.  The  tree  is  felled  as  near 
the  root  as  possible,  divided  into  pieces,  each  from  three  to  four  feet 
long,  and  with  a  short  curved  knife  a  longitudinal  incision  is  made 
in  the  bark.  After  a  few  days,  if  the  pieces  are  found  to  be  getting 
di-y,  the  bark  already  incised  is  stripped  ofi'  in  long  slips,  which  are 
placed  in  the  hut,  or  in  hot  weather,  laid  before  it  to  dry.  In  many 
parts,  particularly  in  the  central  and  southern  districts  of  Peru,  where 
the  moisture  is  not  very  great,  the  bark  is  dried  in  the  forest,  and 
the  slips  are  packed  in  large  bundles.  In  other  districts,  on  the 
contrary,  the  bark  is  rolled  up  green,  and  sent  to  the  neighbouring 
villages,  where  it  is  dried.  Towards  the  end  of  September,  the  Cas- 
carilleros*  return  to  their  houses. 

In  the  more  early  periods  of  South  American  history,  the  bark 
was  a  principal  article  of  Peruvian  commerce.  Since  the  commence- 
ment of  the  present  century,  its  value  has,  however,  considerably  di- 
minished, chiefly  in  consequence  of  adulterated  and  inferior  kinds, 
which  are  supplied  from  other  quarters  ;  perhaps,  also,  on  account 
of  the  more  frequent  use  of  quinine  ;  for,  in  the  production  of  the 
alcaloides  less  bark  is  employed  than  was  formerly  used  in  substance. 

*  Bark-gatherers.     The  Peruviaps  call  the  bark  cascarilla,  and  they  point 
out  the  distinction  of  a  great  number  of  species  and  varieties. 
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During  the  war  of  Independence,  t{ie  barji  trade  reQeive4  its  death- 
blow, and  for  tlio  space  of  several  years,  scarcely  more  than  a  few 
hundredweights  of  bark  were  exported  from  Peru.  The  Montanas 
of  Huanuco,  which  once  furnished  all  the  apothecaries  of  Europe  with 
the  "divine  medicine,"  are  beginning  again  to  yield  supplies.  From 
the  roots  of  the  felled  trees  a  vigorous  after-growth  has  commenced. 
In  the  Montanas  of  Huamalies  a  kind  of  bark  is  found,  the  nature  of 
which  is  not  yet  defined  by  botanists ;  and  from  the  Montanas  of  Uru- 
bamba  comes  the  highly  esteemed  Cascarilla  de  Cuzco,  which  con- 
tains an  alcaloid,  named  Cusconm*.  Possibly  the  medicinal  bark 
may  again  become  a  flourishing  branch  of  trade  for  Peru,  though  it 
can  never  again  recover  the  importance  which  was  attached  to  it  a 
century  ago.  During  my  residence  in  Peru,  a  plan  was  in  agitation 
for  establishing  a  quinine  manufactory  at  Huanuco.  The  plan,  if 
well  carried  out,  would  certainly  be  attended  with  success.  There  is 
in  Bolivia  an  establishment  of  this  kind  conducted  by  a  Frenchman  ; 
but  the  quinine  produced  is  very  impure.  The  inhabitants  of  the 
Peruvian  forests  drink  an  infusion  of  the  green  bark,  as  a  remedy 
against  intermitting  fever.  I  have  fqund  it  in  many  cases  much 
more  efficacious  than  the  dried  kind,  for  less  than  half  the  usual  dose 
produces,  in  a  short  time,  convalescence,  and  the  patient  is  secure 
against  returning  febrile  attacks. — Travels  in  Peru,  hy  Dr  J.  J, 
Fow  Tschudi,  p.  398. 

ARTS, 

13.  On  Shell  Cameos. — Society  of  Arts,  April  21  y  1847.  Dr 
Roget,  V.P.  in  the  chair. — Mr  Gray  "  On  the  Manufacture  of  Shell 
Cameos."  The  author  commenced  by  stating  that  the  ancients 
formed  cameos  by  engraving  figures  in  low  relief  on  different  kinds  of 
siliceous  stones ;  and  generally  selected  for  that  purpose  those  which 
had  layers  of  different  colours,  so  thfit  the  figures  were  of  divers 
colours.  Such  cameos  are  now  made  in  Southern  Europe  and  in 
France,  where  this  art  has  lately  been  attempted  to  be  revived;  but 
the  hardness  of  the  materials  requires  so  much  labour  that  they  are 
too  expensive  to  come  into  general  use.  Numerous  attempts  have 
been  made  to  substitute  various  materials,  such  as  porcelain  and  glass, 
for  the  ancient  cameos,  but  their  great  inferiority  has  caused  them 
to  be  neglected.  The  best  and  now  most  used  substitutes  are  shells ; 
several  kinds  of  which  afford  the  necessary  difference  of  colour,  and 
are,  at  the  same  time,  soft  enougj^  to  be  worked  with  ease,  and  hard 
enough  to  resist  wear.  The  shells  used  are  those  of  the  Flesh-eating 
univalve,  which  are  peculiar  as  being  formed  of  three  layers  which 
are  often  of  difierent  colours,  as  they  afford  Jiim  the  means  of  reliev- 


*  From  Cuzco,  the  ancient  resi4ence  of  the  Incaa.  It  Yf^s  ^jscpvered  by  the 
French  chemists  Corriol  and  Pelletier,  in  the  Cascarilla  which  is  shipped  in 
Arica  ;  hence  this  nlcaloid  is  also  called  Aricin. 
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iiig  his  work ;  but  the  kinds  now  employed,  and  which  experience 
has  taught  him  are  best  for  his  purpose,  are  the  Bull's  Mouth,  the 
Black  Helmet,  the  Horned  Helmet,  and  the  Queen  Conch.  The 
two  first  are  the  best  shells.  After  detaihng  the  peculiarities  of 
these  shells,  the  writer  proceeded  to  give  an  account  of  the  progress 
of  the  art,  which  was  confined  to  Rome  for  upwards  of  forty  years, 
and  to  Italy  until  the  last  twenty  years,  at  which  period  an  Italian 
commenced  the  making  of  them  \\\  Paris ;  and  now  about  300  per- 
sons are  employed  in  this  branch  of  trade  in  that  city.  The  number 
of  shells  used  annually,  thirty  years  ago,  was  about  300,  the  whole 
of  which  were  sent  from  England ;  the  value  of  each  shell  in  Homo 
being  thirty  shillings.  To  shew  the  increase  of  this  trade,  the  num- 
ber of  shells  used  in  France  last  year  was  nearly  as  follows : 

Bull's  Mouth     80,000,  average  price  Is.  8d.,  value  L.6400 

Black  Helmet     8,000,            ...           5s.  Od.,     ...  1800 

Horned  Helmet     500,           ...           2s.  6d.,     ...  60 

Queen  Conch    12,000,            ...           Is.  2M.,  ...  700 


100,500  shells.  Sterling  L.8960 

The  average  value  of  the  large  cameos  made  in  Paris  is  about  6 
francs  each,  giving  a  sterling  value  of  L. 32,000  ;  and  the  value  of 
the  small  cameos  is  about  L.8000,  giving  a  total  value  of  the  cameos 
produced  in  Paris  for  the  last  year  of  L.40,000  ;  while  in  England 
not  more  than  six  persons  are  employed  in  this  trade. — Athcnceum, 
No.  1018,  p.  470. 

14.  Smelting  by  Electricity. — The  lately  patented  process  of 
smelting  copper  by  means  of  electricity,  says  a  London  journal,  is 
likely  to  effect  a  change  that  will  be  quite  prodigious.  It  produces, 
in  less  than  two  days,  what  the  old  process  required  three  weeks  to 
effect.  And  the  saving  of  fuel  is  so  vast,  that  in  Swansea  alone,  the 
smelters  estimate  their  annual  saving  in  coals  at  no  less  than  five 
hundred  thousand  pounds.  Hence,  it  is  clear,  that  the  price  of  cop- 
per must  be  so  enormously  reduced,  as  to  bring  it  into  use  for  a  va- 
riety of  purposes  from  which  its  cost  at  present  excludes  it.  The 
facility  and  cheapness  of  the  process,  too,  will  enable  the  ore  to  be 
largely  smelted  on  the  spot.  The  Cornish  mine  proprietors  are 
anxiously  expecting  the  moment  when  they  can  bring  the  ore  which 
lay  in  the  mine  yesterday  into  a  state  to  be  sent  to  market  to-mor- 
row, and  this  at  the  very  mouth  of  the  mine.  In  Australia,  also, 
the  operation  of  this  discovery  will  be  of  the  utmost  importance. 
Ten  thousand  tons  of  copper-ore  were  sent  from  Australia  to  Eng- 
land last  year,  to  be  smelted  at  Swansea ;  and  the  result  was  only 
1600  tons  of  copper.  But  Australia  in  future  will  smelt  her  own 
copper,  by  a  36  hours'  process  :  saving  all  this  useless  freight  of  the 
8400  tons  of  refuse,  and  saving  also  the  cost  of  the  old  and  expen- 
sive process.     In  a  very  feyv  years,  Australia  will  send  to  market 
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more  copper  than  is  now  produced  by  all  the  rest  of  the  world.  But 
if  our  future  penny-pieces  are  to  bear  any  proportion  to  the  reduced 
cost  of  the  value  of  the  metal,  they  must  be  made  of  the  size  of  din- 
ner-plates !  ! — Athenadum^  No.  1018,  p.  476. 

16.  A  communication  from  Professor  Schottlauer,  of  Munich,  ac- 
quaints us  with  particulars  of  a  new  invention  for  painting  upon 
walls,  discovered  by  himself,  conjointly  with  Herr  Fuchs,  Counsellor 
of  the  Mines,  to  be  called  Stereochromy.  Its  peculiarities  are  stated 
as  follows  : — Far  greater  ease  in  its  manipulation  than  fresco.  The 
ground  is  not  laid  in  patches,  but  by  one  single  operation.  'J  he  colours-, 
prepared  in  distilled  rain-water,  take  such  firm  hold  as  not  to  be  dis- 
turbed or  altered  by  any  subsequent  washings  or  shades,  while  the 
process  of  painting  may  be  carried  on  with  any  amount  of  intervals, 
thus  rendering  a  far  richer  finish  possible  than  with  fresco.  After 
the  picture  is  finished,  it  is  saturated  with  a  fluid,  which  unites  the 
ground  and  the  colour  into  a  mass  of  the  consistency  of  stone  ;  de- 
siccations being  thereby  rendered  impossible,  'i'he  colours  are  of 
greater  strength  and  brightness  than  with  fresco, — though  without  the 
slightest  glare  or  reflection  as  of  oil.  It  resists  all  atmospheric  in- 
fluences,— humidity,  evaporation,  &c.  A  test  no  less  extreme  than  the 
burning  of  alcohol,  has  been  applied  to  it,  without  the  slightest 
change  or  deterioration. — AthentBum,  No.  980,  p.  820. 
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and  may  be  considered  as  the  precursor  of  a  great  work  on  Life.  The 
author  is  a  distinguished  medical  writer. 

18.  Physical  Atlas  :  A  Series  of  Maps  illustrating  the  Geographical 
Distribution  of  Natural  Phenomena.  By  Dr  Berghaus  of  Berlin,  and 
Alexander  Keith  Johnston,  F.R.G.S.,  &c.  Part  VI.  In  our  next  num- 
ber tve  shall  give  a  Table  of  the  Contents  of  this  very  beautiful  work. 

N.B. —  The  greater  number  of  the  Indian,   German,   French^   and 
British  Periodicals  have  been  received  up  to  a  late  date. 
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List  of  Patents  granted  for  Scotland^  from  22d  March  to  22d 
June  1847. 

1.  To  Charles  Tennant  Dunlop,  of  Glasgow,  in  the  county  of  La-. 
nark,  manufacturer,  *'  improvements  in  the  manufacture  of  alkali  and 
chlorine,  and  in  the  application  of  the  products  resulting  therefrom." — 
23d  March  1847. 

2.  To  Thomas  Hunt  Babber,  of  King  Street,  Cheapside,  in  the  city 
of  London,  merchant,  being  a  communication  from  abroad,  "  improve- 
ments in  machinery  or  apparatus  for  dredging  or  excavating." — 23d 
March  1847. 

3.  To  John  Leslie,  of  Conduit  Street,  Hanover  Square,  in  the  county 
of  Middlesex,  tailor  to  Her  Majesty,  "  improvements  in  the  combustion 
of  gas."— 26th  March  1847. 

4.  To  Alexander  Morton,  of  Morton  Place,  Kilmarnock,  "  improve- 
ments in  printing  warps." — 26th  March  1847. 

5.  To  Francois  Stanilas  Meldon  de  Sussex,  manufacturing  chemist, 
"  improvements  in  smelting  copper  and  other  ore." — 31st  March  1847. 

6.  To  Alexander  Bain,  of  Baker  Street,  in  the  county  of  Middlesex, 
electrical  engineer,  "  improvements  in  clocks  and  time-keepers,  and  in 
apparatus  connected  therewith." — 31st  March  1847. 

7.  To  William  Farthing,  of  the  town  and  borough  of  Kingston -upon- 
Hull,  merchant,  "  certain  improvements  in  the  manufacture  of  glass," — 
1st  April  1847. 

8.  To  William  Henry  Hatcher,  of  No.  345  Strand,  in  the  county  of 
Middlesex,  civil-engineer,  "  improvements  in  electrical  telegraphs,  and  in 
apparatus  connected  therewith,  and  also  in  electric  clocks  and  time- 
keepers."— 6th  April  1847. 

9.  To  George  Fergusson  Wilson,  of  Bellmont,  Vauxhall,  in  the  county 
of  Surrey,  gentleman,  "  improvements  in  the  production  of  light,  and  in 
the  manufacture  or  preparation  of  materials  applicable  thereto." — 6th 
April  1847. 

10.  To  John  Lowe,  of  Manchester,  in  the  county  of  Lancaster,  civil- 
engineer,  and  James  Simpson  of  the  same  place,  joiner,  "  certain  improve- 
ments applicable  to  carriages  to  be  used  upon  railways,  part  of  which  im- 
provements may  also  be  used  upon  other  roads." — 7th  April  1847. 

11.  To  Bartholomew  Beniowski,  of  Bow  Street,  Covent  Garden,  in 
the  county  of  Middlesex,  major  in  the  late  Polish  army,  "  certain  im- 
provements in  the  apparatus  for,  and  process  of  printin^."' — 12th  April 
1847. 

12.  To  George  Frederick  Muntz,  of  Birmingham,  Esquire,  M.P., 
**  an  improved  manufacture  of  metal- plates  for  sheathing  the  bottoms  of 
ships  and  other  vessels,  and  also  in  bolts  and  other  the  like  ships'  fasten- 
ings."—13th  April  1847. 

13.  To  Patrick  Moir  Crane,  of  Yuiscedwyn  iron  works,  near  Swan- 
sea, "  improvements  in  the  manufacture  of  iron. — 13th  April  1847. 

14.  To  William  Pidding,  of  Alfred  Place,  Bedford  Square,  in  the 
county  of  Middlesex,  gentleman,  "  certain  improvements  in  carriages." — 
13th  April  1847. 

15.  To  Charles  Heard  Wild,  of  Mortimer  Street,  Cavendish  Square, 
in  the  country  of  Middlesex,  civil-engineer,  **  improvements  in  construct- 
ing parts  of  railways." — 16th  April  1847. 
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16.  To  Onesiphore  Pecqueur,  engineer,  of  Paris,  in  the  kingdom  of 
France,  "  improvements  in  forming  leather  into  tubes,  swithes,  cases, 
sheaths,  hats,  and  other  articles." — 16th  April  1847. 

17.  To  John  Coats,  of  Seedly,  in  the  county  of  Lancaster,  calico  prin- 
ter, "  certain  improvements  in  machinery  or  apparatus  for  cleaning  the 
surface  of  v^'oven  fabrics,  or  freeing  the  same  from  fibrous  or  other  loose 
matters  previous  to  printing  thereon." — 29th  April  1847. 

18.  To  Joseph  Woods,  of  Bucklensbury,  in  the  city  of  London,  engi- 
neer, being  a  ooniniunication  from  abroad,  "  certain  improvements  in 
springs  for  supporting  heavy  bodies,  and  resisting  sudden  and  continuous 
pressure." — 30th  April  1847. 

19.  To  Louis  Sylvain  Gonin,  manufacturer,  of  Paris,  in  the  kingdom 
of  France,  ''  iraprovemcmts  in  printing  stuffs,  paper,  and  other  matters." 
—4th  May  1847. 

20.  To  Philip  Burnaud  Ayres,  of  No.  12  Howland  Street,  Fitzroy 
Square,  in  the  county  of  Middlesex,  doctor  of  medicine,  "  certain  plans 
and  improvements  in  preparing  putrescent  organic  matters,  such  as  night 
soil,  the  matter  in  suspension  in  the  water  of  sewers  and  other  similar 
matters,  for  the  purpose  of  manure  or  for  other  purposes,  and  for  appa- 
ratus for  the  same." — 4th  May  1847. 

21.  To  George  Copeland,  of  37  Frederick  Street,  Edinburgh,  "■  an 
instrument  or  apparatus  for  measuring  the  human  body,  for  the  purpose 
of  fitting  garments  with  ease  and  accuracy,  without  reference  to  the  pro- 
portions of  the  breast  and  shoulder  measures,  and  which  invention  he 
names  the  CorpoHmensor.'' — 5th  May  1847. 

22.  To  Thomas  Waterhol'se,  of  Edgeley,  in  the  borough  of  Stock- 
port, in  the  county  of  Chester,  cotton  manufacturer,  "  certain  mechanical 
improvements  applicable  to  railway  engines  and  tenders,  and  to  railway 
carriages  of  various  kinds." — 8th  May  1847. 

23.  To  Maximilian  Francois  Joseph  Delfosse,  of  Regent  Street,  in 
the  county  of  Middlesex,  Esquire,  "  improvements  in  preventing  and  re- 
moving incrustation  in  steam-boilers." — 13th  May  1847. 

24.  To  CoNHAD  Haverkam  Greenhow,  of  North  Shields,  gentleman, 
"  improvements  in  the  construction  of  ships  or  vessels,  and  in  propelling 
ships  and  vessels." — 14th  May  1847. 

25.  To  Samtjkl  Hardacre,  of  Manchester,  in  the  county  of  Lancaster, 
machinist,  "  certain  improvements  in  machinery  or  apparatus  for  opening 
and  for  carding  cotton  and  other  fibrous  substances,  and  for  grinding  the 
cards  of  carding  engines." — 17th  May  1847. 

26.  To  George  Benjamin  Thorneycroft,  of  Wolverhampton,  in  the 
county  of  Stafford,  iron-master,  "  im})rovements  in  the  manufacture  of 
rails  for  railways."^ — 18th  May  1847- 

27.  To  Gardner  Stow,  of  King  Street,  Cheapside,  in  the  city  of 
London,  gentleman,  being  a  communication  from  abroad,  ''  improve- 
ments in  the  construction  of  steam-vessels,  and  in  apparatus  for  propel- 
ling ships  and  other  vessels." — 18th  May  1847. 

28.  To  Reginald  James  Blewitt,  of  Llantarnam  Abbey,  Newport,  in 
the  county  of  Monmouth,  Esquire,  "  improvements  in  the  manufacture 
of  malleable  iron." — 24th  May  1847. 

29.  To  Solomon  Leatham,  of  Leeds,  in  the  county  of  York,  over- 
looker, "  improvements  in  roving  and  spinning  flax  and  other  fibres."' — 
2ith  Mav  1847. 
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30.  To  Christian  Schiele,  of  P>anlcfort-on-the-Maine,  but  now  of 
Manchester,  in  the  county  of  Lancaster,  mechanician,  "  certain  improve- 
ments in  machinery,  or  apparatus  for  condensing  steam,  which  said  im- 
provements are  also  applicable  to  other  similar  purposes.*' — 28th  May 
1847. 

31.  To  Jean  Marie  Fourmkntin,  of  New  Bridge  Street,  Blackfriars, 
gentleman,  "  improvements  in  the  manufacture  of  carbonate  of  lead." — 
28th  May  1 847. 

32.  To  Thomas  Bartlett  Simpson,  of  Threadneedle  Street,  in  the  city 
of  London,  gentleman,  "  certain  improvements  in  propelling,  and  in  ma- 
chinery employed  therein." — 2d  June  1847. 

33.  To  Edmund  Morewood,  of  Thornbridge,  in  the  county  of  Derby, 
merchant,  and  George  Rogers,  of  Stearndale,  in  the  same  county,  gentle- 
man, "  improvements  in  the  manufacture  of  iron  into  sheets,  plates,  or 
other  forms,  in  coating  iron,  and  in  preparing  iron  for  coating  and  other 
purposes." — 7th  June  1847. 

34.  To  George  Augustus  Huddart,  of  Brynkir,  in  the  county  of  Car- 
narvon, Esquire,  "  certain  improved  apparatus  for  the  cultivation  of  land." 
—7th  June  1847. 

35.  John  Hill,  of  Hulme,  near  Manchester,  in  the  county  of  Lancas- 
ter, machine  maker.  "  improvements  in  looms  for  weaving  certain  kinds 
of  cloth."  -9th  June  1847. 

36.  To  Francis  Bowes  Stevens,  of  Haboken,  in  the  county  of  Hud- 
son, in  the  State  of  New  Jersey,  in  the  United  States  of  America,  en- 
gineer (being  a  communication),  ''  improvements  in  applying  means  and 
apparatus  to  ships  and  vessels  to  improve  their  speed." — 9th  June  1847- 

37.  To  Elijah  Galloway,  of  Buckingham  Street,  Strand,  in  the  county 
of  Middlesex,  civil-engineer,  "  improvements  in  rotatory  engines,  and  in 
locomotive  carriages,  railways,  and  wheels  for  carriages." — 11th  June 
1847. 

38.  John  Lanr,  of  Oriel  Street,  Liverpool,  brewer,  "  improvements  in 
railway  carriages  and  engines." — 11th  June  1847. 

39.  To  Alfred  Vincent  Newton,  of  the  office  for  Patents,  No.  QQ 
Chancery  Lane,  in  the  county  of  Middlesex,  mechanical  draughtsman, 
being  a  communication  from  abroad,  "  improved  apparatus  to  be  applied 
to  steam-boilers." — 11th  June  1847. 

40.  To  John  IIealey,  of  Bolton,  in  the  county  of  Lancaster,  machine- 
maker,  "  a  new  and  improved  woven  fabric,  and  also  certain  improve- 
ments in  machinery  for  producing  the  same."- — lath  June  1847. 

41.  To  Charles  Larrad,  of  Leicester,  machinist,  "  improvements  in 
machinery  for  cutting  wood  for  the  manufacture  of  bobbins  and  other  ar- 
ticles."— 15th  June  1847. 

42.  Thomas  Russell  Crampton,  of  the  Adelphi,  in  the  county  of 
Middlesex,  engineer,  "  improvements  in  locomotive  engines," — 15th  June 
1847. 

43.  To  Alfred  Brett,  of  Hoi  born  Bars,  gentleman,  and  George 
Little,  of  High  Holborn,  electrical  engineer, "  improvements  in  electric 
telegraphs,  and  in  arrangements  and  apparatus  to  be  used  therein  and 
therewith,  part  of  which  improvements  are  also  applicable  to  time -keepers 
and  other  useful  purposes." — 15th  June  1847. 

44.  To  Pierre  Frederic  Gougv,  of  Leicester  Square,  in  the  county  of 
Middlesex,  gentleman,  '*  improvements  in  apparatus  and  machinery  for 
raising,  lifting,  and  otherwise  moving  heavy  bodies," — 16th  June  1847. 
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45.  To  Samuel  Kenrick,  of  Handsworth,  in  the  county  of  Stafford, 
ironfounder,  "  certain  improvements  in  preparing  or  forming  moulds  for 
casting  metal." — 18th  June  1847. 

46.  George  Taylor,  of  Holbeck,  near  Leeds,  in  the  county  of  York, 
mechanic,  "  improvements  in  the  construction  of  engines  and  carriages  to 
be  used  on  railways." — 18th  June  1847. 

47.  To  Frederic  Theodore  Philippi,  of  Bellfield  Hall,  in  the  county 
of  Lancaster,  calico-printer,  "  certain  improvements  in  machinery  or  ap- 
paratus for  stretching,  drying,  and  finishing  woven  fabrics." — 18th  June 
1847. 

48.  To  Francis  Preston,  of  Ardwick,  near  Manchester,  spindle  maker, 
"  certain  improvements  in  machinery  or  apparatus  to  be  used  in  the  pre- 
paration of  cotton  ftnd  other  fibrous  substances  for  spinning," — 2l8t  June 
1847. 


LIST  OF  PRIZES  FOR  SESSION  1847-8. 


The  ROYAL  SCOTTISH  SOCIETY  of  ARTS  proposes  to 
award  Prizes  of  different  values  (none  to  exceed  Thirty  Sovereigns), 
in  Gold  or  Silver  Medals,  Silver  Plate,  or  Money,  for  approved  Com- 
munications, relative  to  Inventions,  Discoveries,  and  Improvements 
in  the  Mechanical  and  Chemical  Arts  in  General,  and  also  to  means 
by  which  the  Natural  Productions  of  the  Country  may  be  made 
available ;  and,  in  particular,  to, — 

I.  Inventions,  Discoveries,  or  ImprovemexNts  in  the  Useful  Arts, 
including  the  Mechanical  and  Chemical ;  and  in  the  Mechanical 
Branch  of  the  Fine  Arts ;  such  as  tiie  following,  viz.  : — 

1.  Mechanical  Arts. 

1.  Methods  of  Economising  Fuel,  Gas,  &c., — of  Preparing  Su- 
perior Fuel  from  Peat, — of  Preventing  Smoke  and  Noxious  Va- 
pours from  Manufactories, — of  Warming  and  Ventilating  Public 
Edifices,  Private  Dwellings,  &c. — of  Conistructing  Economical  and 
Salubrious  Dwellings  for  the  Working  Classes,  especially  in 
Towns, — of  Filtering  Water  in  large  quantities, — of  rendering 
large  supplies  of  Water  available  for  the  purpose  of  extinguishing 
Fires  ;  and  the  best  application  of  Manual  or  othtr  Power  to 
the  working  of  Fire-Engines, — of  Constructmg  Buildings  on  the 
most  correct  Acoustic  principles. 

2.  Inventions  or  Improvements  in  the  Manufacture  of  Iron,  and 
other  Metals,  simple  or  alloyed, — in  the  Manufacture  of  Writing 
and  Printing  Paper, — in  Tuyeres  for  Bla^>t  Furnaces, — in  the 
Making  and  Tempering  of  Steel, — in  Gilding  Brass  equal  in  Colour 
to  the  French, — in  Artificial   Pavement, — in  Balance  or  Pendu- 
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lum  Time-Keepers,  moved  by  Weights  or  Springs  ;  or  in  Elec- 
tro-Magnetic Time-Keepers, — in  Screw-cutting, —  in  Printing- 
Presses, — in  Stereotyping,  and  in  cleaning  the  plaster  from  the 
Types, — in  Furnaces  and  other  Apparatus  used  in  Stereotyping, 
— in  Type-Founding, — in  the  Composition  of  Printers'  Rollers, 
— in  Ship-Building,  with  regard  to  Ventilation,  both  for  the 
Crew  and  the  Timbers, — in  Currying  and  Tawing  of  Leather, — 
in  Preparing  Black  Polished  Leather  equal  to  the  French, — in 
Stationary  and  Locomotive  Engines, — in  Railway  Wheels  and 
Axles, — in  Railway  Telegraphs  and  Signals, — in  Smith- Work 
and  Carpentry, — in  Tools,  Implements,  and  Apparatus  for  the 
various  trades, — in  Electric,  Voltaic,  and  Magnetic  Apparatus. 


2.  Chemical  Arts. 
Improvements  in  Fine  Glass  for  Optical  Purposes,  free  from  Veins, 
and  of  a  Dense  and  Transparent  quality,  equal  or  superior  to  the 
best  Continental  Glass, — also  in  rendering  Glass  hard  and  diffi- 
cult of  fusion  for  Chemical  Purposes, — in  the  Annealing  of  Glass, 
— in  the  Manufacture  of  Writing  Inks,  both  Common  and  Copy- 
ing, so  as  to  flow  freely  from  Metallic  Pens, — in  the  Dissolving 
of  Caoutchouc,  and  applying  it  to  useful  purposes. 

3.  Felative  to  the  Fine  Arts. 
Improvements  in  Patterns  of  Porcelain,  Common  Clay,  or  Metal, 
of  Domestic  Articles  of  simple  and  beautiful  Forms,  without 
much  Ornament,  and  of  one  Colour, — in  the  Preparation  of 
Lime  and  Plaster  for  Fresco  Painting,  and  in  appropriate  tools 
for  laying  the  Plaster  with  precision, — in  Engraving  on  Stone, — 
in  Daguerreotype,  Talbotype,  or  other  photographic  processes, — 
in  applying  such  processes  to  stone,  for  Lithographic  Printing, — 
in  Electrotype  processes, — in  the  production  of  White  or  Neutral 
Artificial  Light  by  means  adapted  to  ordinary  use, — in  Die- 
sinking, — in  Wood-cutting,  and  other  methods  of  illustrating 
Books  to  be  printed  with  the  Letter -Press, — in  Printing  from 
Wood -cuts,  &c., — in  Ornamental  Metallic  Casting. 

II.  Experiments  applicable  to  the  Useful  Arts. 

III.  Notices  of  Processes  in  the  Useful  Arts  practised  in  this 
Country,  but  not  generally  known. 

IV.  Inventions,  Processes,  or  Practices  from  Foreign  Countries, 
not  generally  known  or  adopted  in  this  country, — such  as  the 
Manufacture  of  Glass  Pipes  for  Conveying  Water,  Gas,  &c. 

V.  Practical  Details  of  Public  or  other  Undertakings  of  Na- 
tional importance,  not  previously  published. 

VI.  Discovery  of  Substitutes  for  Hemp  and  Flax,  &c. 
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The  SOCIETY  also  proposes  to  award  the  KEITH  PRIZE, 
value  Thirty  Sovereigns, 

For  some  important  •'  Invention,  Improvement,  or  Discovery,  in 
the  Useful  Arts,  which  shall  be  primarily  submitted  to  the  Society," 
betwixt  and  1st  April  1848. 


GENERAL  OBSERVATIONS. 

The  Communications  and  the  Descriptions  of  the  various  inven- 
tions, &c.,  to  he  full  and  distinct^  and  to  be  written  on  Foolscap 
paper,  leaving;  margins  at  least  one  inch  broad,  on  both  the  outer  and 
inner  sides  of  the  writing,  so  as  to  allow  of  their  being  bound  up  in 
Volumes ;  and,  when  necessary,  to  be  accompanied  by  Specimens^ 
Drawings,  or  Models.  All  drawings  to  be  on  Imperial  Drawing 
Paper,  unless  a  larger  sheet  be  requisite.  The  Drawings,  and  the 
Letters  or  Figures  of  Reference,  to  be  in  hold  lines,  or  strongly  co- 
loured, so  as  to  be  easily  seen  from  some  distance  when  hung  up 
in  the  Hall  of  Meeting. 

The  Society  to  be  at  liberty  to  publish  in  their  Transactions  copies 
or  abstracts  of  all  Papers  submitted  to  them.  All  Models,  Draw- 
ings, &c.,  for  which  Prizes  shall  be  given,  to  be  held  to  be  the  pro- 
perty of  the  Society  ;  the  Value  of  the  Model  being  taken  into  ac- 
count in  fixinor  the  amount  of  the  Prize. 

o 

Communications,  Models,  &c.,  are  to  be  addressed  to  James  Tod, 
Esq.,  the  Secretary,  21  Dublin  Street,  Edinburgh,  Postage  or  Car- 
riage paid ;  and  they  are  expected  to  be  lodged  on  or  before  \st 
October  1847,  in  order  to  ensure  their  being  read  and  reported  on 
during  the  Session,  the  ordinary  Meetings  of  which  end  in  April 
1848;  but,  those  which  cannot  be  lodged  earlier,  will  be  received 
up  to  1st  March  1848. 

By  order  of  the  Society, 

James  Tod,  Secretary. 
Edinburgh,  12th  April  1847. 

*^*  Copies  of  this  List  of  Prizes  may  be  had  from  the  Secretary. 


Hdi'nTMw  Fhil.  J,  'ur. 
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THE 


EDINBURGH  NEW 

PHILOSOPHICAL  JOURNAL. 


On  the  Nucleus  of  the  Animal  and  Vegetable  "  Cell,'"  By 
Martin  Barry,  M.D.,  F.R.S.,  London  |bnd  Edinburgh. 
Communicated  by  the  Author.*     With  Two  Plates. 

"  It  will  be  remarkable  if  the  mammiferous  ovum,  which,  be- 
cause of  its  minuteness  and  the  supposed  difficulty  of  obtain- 
ing ifc,  had  been  generally  considered  beyond  the  reach  of  sa- 
tisfactory observation,  should  now  become  the  means  of  study- 
ing, not  merely  other  ova,  but  certain  processes  by  which 
nourishment  is  communicated,  and  the  growth  of  the  body 
effected  at  all  future  periods  of  life.  Such,  however,  I  think 
will  really  be  the  case." 

This  was  long  since  written  by  myself,t  under  a  conviction 
that  the  nuclei  of  all  cells  were  the  seat  of  changes  of  the 
same  kind  as  those  which  I  had  shewn  to  attend  the  fecun- 
dation of  the  mammiferous  ovum,  in  the  nucleus  of  its  germi- 
nal vesicle  or  cell — the  germinal  spot.  Whether  in  the 
opinion  then  expressed  I  was  mistaken,  will  be  seen  from 
the  following  pages ;  intended  to  contain  not  only  an  outline 
of  the  elaborate  process  producing  the  changes  in  question, 
but  also  a  few  examples  of  the  extent  to  which  I  have  the  sa- 
tisfaction to  find  my  observations  have  been  confirmed,  and 
my  views  formally  applied. 

I  think  it  peculiarly  proper  to  offer  this  communication  to 
the  Wernerian  Society  ;  having  been  first  induced  to  enter 
upon  microscopic  research  by  the  perusal  of  a  work  on  Em- 


*  The  substance  of  a  paper  read  before  the  "Wernerian  Society  of  Edinburgh, 
on  Saturday,  the  3d  April  1817,  with  some  additions, 
t  Phil.  Trans.  1841,  p.  201. 
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bryology  put  into  my  hands  by  the  revered   President   of 
this  Society,  Professor  Jameson. 

The  nucleus  of  the  vegetable  cell  had  long  been  noticed 
before  it  received  any  particular  attention,  which  was  first 
given  to  it  by  our  distinguished  fellow-countryman,  Robert 
Brown  ;  who  states  this  body  to  have  been  so  neglected,  that 
there  are  instances  of  botanists  having  actually  figured  the 
nucleus  in  the  cell,  without  thinking  it  worth  noticing  in 
the  explanation  of  their  plates.  The  structure  in  question 
did  not  obtain  the  attention  of  physiologists  in  general 
until  the  year  1838,  when  Schleiden  published  his  obser- 
vations on  the  nucleus  of  the  vegetable  cell;  which  ap- 
pear to  have  given  rise  to, — for  they  were  immediately  fol- 
lowed by, — the  extensive  and  invaluable  researches  on  cells 
in  animal  tissues,  by  my  friend  Professor  Schwann.  And 
never,  perhaps,  did  the  microscope  yield  a  richer  harvest  of 
observations  than  on  that  occasion  in  his  able  hands  ;  for  to 
Schwann  we  are  indebted  for  the  great  discovery,  that  the 
elementary  parts  of  tissues  have  a  like  origin  in  cells,  how- 
ever different  the  functions  of  those  tissues.  It  is  with  re- 
gret that  I  place  his  name  in  the  list  of  those  from  whose  ob- 
servations on  cellular  development  my  own  widely  differ, — the 
differences  relating  to  points  of  cardinal  importance. 

Schleiden  shewed  the  nucleus  to  be  the  part  that  gives 
origin  to  the  membrane  of  the  cell,  which  membrane  when 
in  an  incipient  state  he  compared  to  a  watch-glass  on  a 
watch.  But  Schleiden  supposed  that  when  the  nucleus  has 
given  origin  to  the  membrane  of  the  cell  it  has  performed 
its  office ;  and  that,  not  being  further  required,  the  nucleus 
then  either  remains  inert  in  the  cell-wall,  or  is  "  cast  off  as 
a  useless  member,"  and  "  absorbed.'-  I  am  not  aware  that 
that  opinion  of  Schleiden  was  questioned  in  any  quarter, 
until  my  own  observations  had  shewn  it  to  be  the  very 
opposite  of  the  truth.  So  far  from  the  nucleus  of  the  cell 
either  remaining  inert  in  the  cell-wall,  or  being  absorbed  as 
useless,  it  is  a  most  active  agent,  and  endowed  with  proper- 
ties of  the  first  importance  ;  while  the  membrane  it  forms  is 
a  structure  subordinate  thereto. 
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From  its  property  of  originating  the  membrane  of  the  cell, 
Schleiden  gave  to  the  nucleus  the  name  of  Cytoblast  or  cell- 
germ.  In  the  cytoblast  he  saw  what  seemed  a  smaller  body, 
the  nucleolus  ;  and  he,  as  well  as  Schwann,  Miiller,  Valentin, 
and  Henle,  supposed  the  smaller  body  to  exist  first, — the  sub- 
stance of  the  cytoblast,  or  larger  body,  they  believed  to  be 
deposited  around  the  smaller  one, — and  the  substance  of  the 
membrane  of  the  cell  to  be  deposited  around  the  cytoblast.* 

According  to  my  observations,  it  is  not  so :  I  find  the  pro- 
cess to  be  of  a  widely  different  character;  so  different, 
indeed,  that  it  may  be  termed  the  very  opposite  of  that 
supposed  by  the  German  physiologists  just  mentioned.  It  is 
true  that  a  minute  pellucid,  and,  as  will  presently  be  seen,  a 
very  important  globule  (fig.  1),  exists  before  the  ^-^^^  i, 
cytoblast.  But  it  is  not  true  that  a  finely 
gi'anular  substance  is  "  deposited  around"  that  . 

pellucid  globule,  so  as  to  make  the  nucleolus  0*0*^ 
seen  in  the  cytoblast  identical  with  the  previ- 
ously existing  pellucid  globule.  That  previously  existing 
pellucid  globule  absorbs  and  assimilates  new  matter,  and,  at 
the  same  time,  enlarging  and  becoming  finely  granular, 
assumes  the  form  in  fig.  4,  the  cytoblast  of  Schleiden, — hav- 
ing prepared  a  nucleolus  for  itself.  Nor  is  it  true  that  the 
membrane  of  the  cell  is  formed  around  the  cytoblast.  The 
outer  part  of  the  cytoblast  rises  in  the  form  of  membrane,  so 
as  to  produce  fig.  5,  a  cell ;  another  portion  of  the  cytoblast 
enters  into  the  formation  of  the  contents  of  the  cell ;  and 
what  is  left  of  the  cytoblast  in  the  cell-wall,  becomes  the 
nucleus  of  the  cell. 

This  nucleus,  said  to  remain  inert  in  the  cell-wall,  or  to 

*  The  following  is  the  substance  of  a  statement  made  by  Valentin,  as  briefly 
expressing  the  views  on  this  subject  of  Schleiden,  Schwann,  Miiller,  Henle,  and 
himself;  and  as  being  descriptive  of  the  first  formation  of  the  elements  of 
tissues : — In  a  fluid,  says  he,  there  are  precipitated  granules,  which  are  nu- 
cleoli ;  around  the  nucleolus  there  is  deposited  a  finely  granular  substance,  by 
which  there  is  formed  the  nucleus  (cytoblast) ;  and  around  the  nucleus  there  is 
formed  the  membrane  of  the  cell.  The  principle  of  formation  of  the  nucleus 
around  the  nucleolus,  is  essentially  the  same  as  that  of  the  cell  around  the 
nucleus.  Valentin  concludes  that  this  process  may  be  described  by  the  ex" 
pression,  heterogencoui  caVcum-position. — Rei^crtoriura,  1839,  ii.,  p.  284. 
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be  "cast  off  as  a  useless  member"  and  "  absorbed,"  is  the 
seat  of  a  most  elaborate  process,  which  I  will  now  endeavour 
to  describe  :  first  remarking,  that  the  woodcuts  are  intended 
for  the  purpose  of  assisting  in  the  description  of  that  process, 
rather  than  as  minutely  representing  nature.  Drawings  in 
which  the  latter  has  been  attempted,  taken  from  hundreds  in 
my  memoirs,  are  given  in  the  plates  ;  and  these  will  be  ren" 
dered  more  intelligible  by  the  woodcuts.  (In  many  of  the  draw- 
ings, for  instance  in  those  of  fig.  39,  Plate  I.,  the  structure 
is  so  minute  that  it  should  be  viewed  with  a  pocket  lens.) 

The  "  cytoblast"  of  Schleiden  has  usually  a  discoid  or 
amygdaloidal  form,  and  in  substance  appears  finely  granular* 
(fig.  4) ;  and  his  "  nucleolus,*"  the  pellucid  point  in  fig.  4,  I 
find  to  represent  the  situation  of  a  brilliantly  pellucid  sub- 
stance, which,  from  its  appearance,  I  have  called  kyaline.\ 

Fig.  2.  Two  portions  of  hyaline  enlarged,  and  surrounded 
by  globules  of  extreme  minuteness,  which  seem        Fig.  2. 
to  have  their  orio-in  in  the  bodies  they  sur- 
round.     One  of  these  bodies  presents  a  faint     I    oo  "Jo  % 

Og        O  Q  O 

circular  marking  at  the  side,  not  yet  formed  in 
the  other.     This  circular  marking  is  the  incipient  nucleolus. 
Compare  with  a  and  /3,  the  two  states  of  nuclei,  in  Fig.  33^ 
Plate  I. ;  a  nucleolus  being  there  present  in  /3,  and  not  yet 
formed  in  a. 

Fig.  3.    That  which  was  a  large  portion  of  hyaline  in 
fig.  2,  is  now  an  incipient  cytoblast,  and  already     ^    3 
membranous  at  the  surface ;  the  minute  globules, 
now  no  longer  seen,  having  apparently  entered  into     (CTx 
the  formation  of  its  membrane.      Compare  with      V_y 
many  figures  in  Plate  I. 

Fig.  4.    The  cytoblast  of  Schleiden ;  differing  from  the 
body  fig.  3,  in  being  finely  granular,  except  in  the     j,.    ^ 
region  of  the  circular  marking  or  nucleolus,  which 
first  made  its  appearance  in  one  of  the  portions  of      ^^ 
hyaline  fig.  2.      Compare  with  figs.  35,  36,  &c.,      ^0 
Plate  I. 

*  In  animals  this  finely  granular  substance  is,  or  corresponds  to,  the  red 
colouring  matter  of  the  corpuscles  of  the  blood.    See  figs.  35,  36,  &c.,  in  Plate  I. 
t  A  terra  suggested  to  me  by  Professor  Owen. 
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Fig.  5.   The  cytoblast  has  become  a  cell ;  its  contents 
finely  granular, — the  remains  as  they  are  of  the     yjg  5. 
finely  granular  substance  of  the  cytoblast  in  the 
preceding  figure.*     That  which  was  the  nucleolus 
in  figs.  2,  3,  4,  is  now  the  nucleus.    This  nucleus,  a 
mass  of  hyaline,  is  surrounded  by  minute  globules, 
as  in  fig.  2 ;  and,  like  one  of  the  bodies  in  that  figure,  pre- 
sents, in  its  turn,  an  ill-defined  nucleolus.     Compare  with  two 
of  the  cells  ft  in  fig.  34  of  Plate  I. 

Fig.  6.    The  minute  globules  are  no  longer  seen.     They 
appear  to  have  entered  into  the  formation  of  the     ^j     g 
membrane  by  which  the  hyaline  nucleus  is  now  sur- 
rounded.   This  hyaline  nucleus  is  in  the  same  state    |^8^ 
as  the  entire  body  fig.  3,—  that  of  a  young  cytoblast.     ^|jp 
It  represents  the  *'  hollow  nucleus"  and  "  inner 
cell"  of  authors.     The  nucleolus  is  now  well-defined.     Com- 
pare with  7  of  fig.  34,  in  Plate  I ;  and  read  the  description  of 
that  figure. 

Fig  7.  The  hyaline  nucleus  of  the  cell  has  become  finely 
granular,  and  is  now  as  much  a  cytoblast  as  the     Y\g,  7. 
body,  fig.  4.    Compare  with  the  nucleus  of  several 
cells  in  fig.  39  of  Plate  I.,  and  with  the  concentric 
cytoblasts  in  fig.  41  of  the  same  Plate. 

Fig.  8.  The  nucleus  or  cytoblast  of  fig.  7  has 
become  a  cell,  and  that  which  was  the  nucleolus  in       p.    g^ 
iig.  7,  is  now  the  nucleus  of  this  cell.     Farther,  in 
the  centre  of  the  nucleus  which  had  been  a  nu- 
cleolus, another  nucleolus  is  coming  into  view.    The 
hyaline,  much  increased  in  quanttty,  is  giving  off" 
globules  into  the  surrounding  substance,  and  is 
hence  nodular  or  star-like  in  its  form.     Compare  with  two 
cells  on  the  right  hand,  and  with  other  bodies  in  fig.  39  of 
Plate  I. 

Fig.  9.  The  segments  of  the  nodular  or  star-like  hyaline 

*  The  fii-st  contents  of  all  cells  have  a  like  mode  of  origin ;  and  it  is  not  easy 
to  say  where  the  cytoblast  terminates,  and  the  cell  begins;  so  that  often  one  is 
obliged  to  use  almost  indiscriminately  the  terms  "  cytoblast"  and  "  cell." 
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Fig.  9. 


The  minute 

Fig.  10. 


have  assumed  independent  forms ;  having  ap- 
propriated the  finely  granular  substance  into 
which  they  were  cast,  and  thus  become  young 
cytoblasts.  What  was  left  of  the  central  hya- 
line has  increased  in  quantity,  and,  as  in  figs. 
2  and  5,  has  become  surrounded  with  minute 
globules.  Compare  with  blood-corpuscles  above  the  middle 
part  of  fig.  39,  in  Plate  I. 

Fig.  10.  The  young  cytoblasts  are  larger, 
globules  are  no  longer  seen,  having  probably 
entered  into  the  formation  of  the  membrane 
by  which  the  central  hyaline  is  now  surround- 
ed. This  central  hyaline  is  in  the  same  state 
as  the  nucleus  of  the  cell  in  fig.  6.  It  is  a 
young  cytoblast.  Compare  with  several  cells 
in  fig.  39,  of  Plate  I. 

Fig.  11.  What  were  young  cytoblasts  around  the  central 
hyaline,  are  now  young  cells ;  which  sur-  Pig.  11. 

round  what  is  now  a  true  cytoblast ;  for  the 
central  hyaline,  pellucid  in  fig.  10,  is  now 
finely  granular.  Compare  with  (3  in  fig. 
37,  and  with  several  cells  in  fig.  39  of 
Plate  I. 

Figs.  12,  13,  14,  15.  To  describe  the  central  portion  of 
the  nucleus  in  these  figures  separately,  would  be  to  repeat  the 
description  just  given  of  the  entire  nucleus  in  figs.  8,  9, 
10,  11 ;  for  the  appearances  are  the  same,  and  referable  to 
a  continuation  of  the  same  process. 


Fig.  12. 


Fiff.  li 


Fig.  U. 


Firr.  15. 


tt  a  I 


The  only  remarks  to  make  concerning  figs.  12  to  15,  are 
these,  viz.,  that  the  layer  of  young  cells  already  formed  in 
fig.  11,  becomes  pushed  farther  and  farther  into  the  interior 
of  the  cell  by  the  succeeding  brood ;  and  that  as  each  nucleus 
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is  transformed  into  a  layer  or  brood  of  cells,  its  place  is 
taken  by  the  enlarging  nucleolus ;  which  again  is  succeeded 
by  a  fresh  nucleolus,  arising  in  the  centre  from  which  the 
former  had  enlarged.  Compare  with  a  cell  in  the  woodcut 
fig.  26,  and  with  a  corresponding  cell  in  fig.  39  of  Plate  I. 

And  this  process,  it  will  be  seen,  begins  before  the  com- 
plete formation  of  even  Schleiden's  cytoblast.     See  figs.  2,  3. 

The  membrane  of  the  nucleus  or  cytoblast,  becoming  the 
inner  cell  in  fig.  8,  and  represented  in  all  the  succeeding 
figures, — though  distinct  enough,  capacious,  and  for  some 
important  ^nr^o^e  filled  with  pellucid  fluid' when  in  a  central 
situation^  (Plate  I.,  fig.  45  /3), — is  rarely  seen  with  distinct- 
ness when  subsequently  pushed  out  from  the  centre  by  a 
fresh  brood,  and  made  to  separate  two  layers  of  cells :  and 
often  it  entirely  disappears,  as  shewn  by  several  bodies  in 
fig.  39,  Plate  I. 

I  have  just  spoken  of  the  cell-membrane,  as  formed  by 
minute  globules.  An  immeasurably  minute  cell-formation, 
however,  seems  even  here  to  intervene.  Fig.  38  in  the  Plate 
presents  part  of  the  membrane  of  a  very  important  cell  pro- 
duced by  the  coalescence  of  minuter  cells,  the  formation  of 
which  it  is  not  difiicult  to  follow.*  And  you  afterwards  find 
in  its  substance  the  nuclei,  or  germinal  centres,  of  the  cells 
which  formed  it  (see  the  figure).  Yet  so  very  small  is  that 
cell  at  first,  that  two  hundred  millions  of  them  could  be  con- 
tained in  a  cubic  inch.  To  that  cell  (my  ovisac-^)  I  shall  pre- 
sently return.  I  wish  now  to  add,  that  there  is  thus  a  con- 
siderable difference  between  my  views  and  those  of  the  Ger- 
man physiologists  just  mentioijed,  as  to  the  mode  of  origin 
not  only  of  the  cytoblast,  but  of  the  membrane  of  the  cell. 
The  substance  of  the  larger  body  is  not  deposited  around  the 
the  smaller,  but  the  smaller  is  transformed  into  the  larger. 
The  nucleolus  becomes  a  cytoblast,  and  the  cytoblast  becomes 
a  nucleated  cell. 

From  the  foregoing  remarks  and  figures  it  will  also  be 

*  See  in  Phil.  Trans.,  1841,  Plate  xxV.,  figs.  170,  171,  172,  173. 
t  Phil-  Trans.,  1838. 
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seen,  and  it  is  important  to  observe  : — 1.  That  in  the  early 
stages  of  its  formation  the  cytoblast  of  Schleiden  has  no  nu- 
cleolus, but  acquires  a  nucleolus  before  its  formation  is  com- 
plete. 2.  That  when  the  cytoblast  has  formed  a  cell,  the 
nucleus  of  this  cell  is  what  had  been  the  nucleolus  of  the  cy- 
toblast ;  and,  3.  That  now  another  nucleolus  comes  into  view 
in  the  situation  which  had  been  occupied  by  its  predecessor. 
4.  That  this  process  continuing  the  same,  the  nucleus  of  one 
stage  is  the  nucleolus  of  an  earlier  stage ;  there  being  a  con- 
tinual succession  of  nucleoli  in  the  centre.  5.  That  it  is  a 
process  which  begins  before  the  complete  formation  of  even 
Schleiden' s  cytoblast ;  in  fact  begins  with  the  existence  of 
the  minute  pellucid  globule,  which  thus  becomes  transformed 
into  that  cytoblast.  6.  That  this  process  is  the  very  opposite 
of  that  described  by  Valentin  in  his  statement  of  the  united 
views  of  Schleiden,  Schwann,  Miiller,  Henle,  and  himself,  as 
forming  the  elements  of  tissues. 

Figs.  1  to  15  represent  the  process  in  no  more  than  the 
primary  or  main  centre  of  each  cytoblast  and  cell ;  they  would 
have  been  complicated  by  any  attempt  to  exhibit  it  in  the 
secondary  centres;  where,  however,  abundant  evidence  is 
afforded  that  the  process  is  the  same,  for  the  secondary  cells 
fill  with  other  broods  in  like  concentric  order,  and  leave  no 
doubt  whatever  that  every  segment  of  the  nodular  or  star- 
like hyaline  in  fig.  8,  after  having  become  a  globule,  passes 
through  in  succession  the  conditions  represented  in  figs.  2,  3, 
and  4,  before  it  becomes  a  cell.  (And  hence  it  seems  to  be, 
that  the  process  is  obscured  by  immeasurably  minute  and 
highly  refracting  globules). 

Wishing  to  confine  the  foregoing  remarks  as  much  as  pos- 
sible to  the  mode  and  order  of  formation  of  the  cytoblast,  the 
cell,  the  nucleus,  and  the  nucleolus, — I  have  hitherto  said 
nothing  in  this  paper  of  an  orifice  often  seen  by  me  to  connect 
the  nucleolus  with  the  exterior  of  the  cytoblast  and  cell ;  and 
adding  much  to  the  refraction  of  light  which  takes  place  at 
that  point.  This  orifice,  which  I  first  saw  in  the  germinal 
spot  in  1840,  will  be  found  represented  in  many  figures,  and 
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constantly  referred  to  in  my  later  memoirs  ;  and  I  shall  pre- 
sently mention  an  observation  made  last  year  by  Dr  Harless 
while  at  Triest,  which  affords  a  highly  interesting  proof  of  its 
existence.  I  need  not  add  one  word  to  shew  the  importance 
of  an  orifice  in  such  a  situation. 

The  ovum  and  its  ovisac  arise  out  of  a  cytoblast,  Plate  I., 
fig.  37.  I  must  refer  to  my  memoirs  for  the  details  of  this 
change,*  intending  here  to  confine  my  remarks  to  the  mature 
ovum. 

The  essential  part  of  the  ovum  is  the  germinal  vesicle  or 
cell  (the  part  not  coloured  in  the  figure  last  referred  to,  and 
c  in  fig.  45) ;  and  more  particularly  its  nucleus, — the  germinal 
spot.  The  first  changes  connected  with  fecundation,  that  are 
discernible  in  this  spot  in  the  ovum  of  the  Rabbit,  seem  to  be 
of  a  preparatory  nature ;  for  they  begin  ante  cditum^  the  ani- 
mal being  in  the  state  of  heat.  They  are  such  as  those  de- 
scribed in  pp.  205-208,  and  represented  in  figs.  7  to  15.  The 
germinal  vesicle  thus  fills  with  cells  in  concentric  order  (fig. 
45,  c) ;  and  now  the  outer  layer,  liquefying,  becomes  a  sort 
of  pabulum  for  the  second  layer,  which  then  occupies  its  place, 
and  so  on.  * 

At  length  the  ovum  becomes  fecundated,  by  the  introduc- 
tion of  a  substance  from  the  seminal  fluid  into  the  hyaline 
centre  of  the  germinal  spot,  which  then  passes  to  the  centre 
of  its  vesicle  or  cell  (fig.  16). t     And  now  the 
contents  of  the  cell,  no  longer  in  communica-  ^^^'  ^^' 

tion  with  the  exterior  by  a  parietal  nucleus, 
undergo  changes,  having   sole,    or   at  least     /       r\ 
especial  reference  to  that  fecundated  centre. 
The  concentric  layers  of  cells  are  successively 
and  rapidly  dissolved,  and  as  speedily  replaced 
by  fresh  broods  of  cells  arising  in  the  centre.     It  must  be 
recollected  too,  that  the  cells  in  the  concentric  layers  are 
themselves  filled  with  other  cells,  undergoing  like  changes. 


*  Phil.  Trans.,  1838,  Plate  V.,  figs.  1,  2,  3,  18,  19,  20,  and  Phil.  Trans.,  1841, 
Plate  XX\^,  figs.  164  to  173. 

t  This  figure,  and  several  which  follow  it,  are  in  outline  only. 
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After  this  assimilative  process  has  continued 
for  a  sufficient  length  of  time,  that  which  has  ^^' 

become  the  nucleus  divides  into  two  halves  (fig. 
17)  ;  which  two  halves,  by  appropriating  the    /       r> 
result  of  this  cell-formation,  and  by  the  same    \        ^ 
process  as  that  above  described,  are  enabled 
(fig.  18)  to  give  origin  to  two  cells,  intended 
to  succeed  the  parent.    (For  each  of  the  two  halves  just  men- 
tioned  is  a  globule  of  hyaline,  such  as  the 
largest  of  those  in  the  woodcut  fig.  1  ;  gra-         ^^^'  ^^' 
dually  becoming  (figs.  2, 3)  a  cytoblast  (fig.  4), 
and  then  a  cell  (fig.  5) ;  and  the  nucleus  of 
this  cell  presents  a  repetition  of  the  same 
process   as  that   bringing   successively  into 
view,  figs.  6  to  15 ;  which  should  be  rapidly 
glanced  over  in  their  numerical  oi*der,  the  eye  being  directed 
to  the  ever  active  central  hyaline.)* 

The  mysterious  hyaline  centre  of  a  nucleus,  that  is  to  say, 
the  centre  of  the  germinal  spot,  exercising  an 
attractive  force,  is  thus  the  point  of  fecundation        ^^S*  ^^' 
in  the  ovum ;  and  assimilation  having  been 
effected,  and  division  of  the  nucleus  accom- 
plished, and  the  membrane  of  the  germinal 
vesicle,  as  well  as  all  the  transitory  cells,  hav- 
ing disappeared  by  liquefaction,  two  cells  remain  (fig.  19), 
the  foundation  of  the  new  being. 

Of  the  further  changes  induced  by  fecundation,  the  follow- 
ing is  an  outline.  After  cleavage,  the  nucleus 
of  each  twin  cell  (fig.  19),  gives  origin  to  two  ^^^*  * 
other  cells  (the  membranes  of  the  parent-cells 
undergoing  liquefaction),  so  that  the  foundation 
of  the  new  being  now  consists  of  four  cells,  fig. 
20.  After  cleavage  of  the  nuclei  of  these  four, 
there  arise,  in  like  manner,  eight  (fig.  21) ;  and  a  continuation 


*  During  these  changes,  the  germinal  vesicle  enlarges  at  the  expense  of  the 
so-called  yelk,  until  it  comes  to  occupy  almost  the  entire  ovum. 
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of  the  same  process  effects  a  doubling  in  the  num- 
ber of  the  cells,  until  a  mulberry-like  body  has  ^'^*  ^^' 
arisen,  consisting  entirely  of  cells  ;  in  the  centre 
of  which  mulberry  is  found  a  cell  having  the 
same  general  appearance  as  the  rest,  but  of 
larger  size, — a  sort  of  queen  bee  in  the  hive. 
The  nucleus  of  this  larger  cell  is  the  rudimental  embryo.  And 
in  the  development  of  this  nucleus  into  the  embryo,  the  first 
discernible  changes  are  of  the  same  kind  as  those  exhibited 
by  the  nucleus  of  every  cell  subsequently  developed  from  it, 
and  entering  into  the  formation  of  the  embryo. 

From  what  I  have  already  stated,  it  vi^ill  be  seen  that  the 
twin  cells  in  fig.  19  are  endowed  with  qualities  resulting  from 
the  fecundation  of  the  germinal  vesicle,  their  parent-cell ; 
such  endowment  of  the  young  cells  being  referable  to  self- 
division,  eff^ected  by  a  process  of  assimilation. 

The  reproduction  of  the  cell  is  thus  essentially  fissiparous, 
its  contents  undergoing  division  after  having  been  assimi- 
lated to  the  nucleus ;  which  nucleus,  therefore,  it  is  that  is 
reproduced, — this  nucleus  being  a  portion  of  the  remarkable 
substance,  hyaline,  the  reproduction  of,  or  assimilation  by, 
which  seems  to  be  a  main  purpose  for  which  cells  are  formed. 
Briefly  recapitulating, — the  hyaline,  by  a  very  elaborate  pro- 
cess, assimilates  new  matter,  and  is  reproduced  by  division. 
Through  successive  divisions  of  this  substance,  properties 
descend  from  cell  to  cell, — new  properties  being  continually 
acquired  as  new  influences  are  applied  ;  but  the  original  con- 
stitution of  the  hyaline  not  being  lost.  (And  why  do  nuclei 
continue  for  a  while  at  the  surface  of  their  cells,  but  for  a 
purpose  analogous  to  that  for  which  the  germinal  spot  or 
nucleus  continues,  up  to  a  certain  period,  at  the  surface  of 
its  cell  in  the  ovum  V) 

I  conceive  that  what  is  seen  taking  place  in  the  manner 
here  referred  to, — first  in  the  germinal  vesicle,  and  then  in 
the  individual  cells,  the  descendants  of  this  vesicle, — is  es- 
sential to  what  we  observe  in  the  reproduction  of  the  entire 
organism,  namely,  a  mysterious  reappearance  of  the  qualities 
of  both  parents  in  the  offspring ;  manifesting  itself,  as  this 
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reappearance  does,  in  the  assemblage  and  metamorphoses  of 
the  cells. 

It  having  been  in  the  germinal  spot  of  the  ovum,  the  most 
important  of  all  nuclei,  that  I  first  saw  the  remarkable  pro- 
cess above  described,  and  illustrated  in  figs.  8  to  15,  I  may 
hereafter  refer  to  the  changes  the  nucleus  undergoes,  by  tlic 
expression,  germinal  spot  process.  Eut  after  that  process  had 
been  seen,  and  for  a  long  period  minutely  traced,  it  vv^as  im- 
possible to  prosecute  researches  on  the  ovum,  without  dis 
cerning  more  or  less  of  it  in  the  nuclei  of  various  cells.  I 
recognised  it  in  every  nucleus  seen  to  descend  from  the  ger- 
minal spot,  and  subsequently  saw  it  in  bodies  which,  not  only 
in  the  embryo,  but  at  all  periods  of  life,  have  apparently  de- 
scended from  that  spot — the  corpuscles  of  the  blood ;  giving, 
in  proof  of  this,  hundreds  of  drawings  in  my  memoirs.  And 
having  seen  it  also  in  pus  and  mucus  globules,  and  epithelium 
cells,  as  well  as  in  the  elements  of  all  the  tissues  examined, 
including  those  of  nearly  every  tissue  in  the  body,  I  concluded 
the  process  in  question  to  be  universal ;  and  have  never  since 
met  with  a  cell,  the  interior  of  which  led  me,  for  a  moment, 
to  doubt  the  correctness  of  that  conclusion. 

Figs.   22,   23,   24,   25,    representing    Fig.  22.         Pig.  24. 
blood-cells  of  the  Sparrow  and  foetal  Ox,      _ 
afford  examples  of  the  result  also  of  the     [   (V\        ^^'"^ 
process  in  question  being  the  same  as      \^       ^vp;;^/ 
in  the  ovum ;  the  cell  in  fig.  25  being 
about  to  produce  twin-cells.     The  pro- 
cess, however,  may  lead  to  a  very  dif- 
ferent result.     Thus,  in  Plate  I.,  fig.  36, 
/5,  there  are  seen  escaping,  from  a  parent-     Fig.  23.       Fig.  25. 
cell,  many  cytoblasts* 


*  The  cytoblasts  at  /3  in  this  figure  are  blood-discs  of  the  foetal  Sheep.  It  will 
be  seen  that  they  arc  not  round,  like  the  blood-discs  usually  circulating  in  the 
Mammalia,  but  elliptical.  The  fact  is  tliat  they  are  young  ])lood-discs,  having 
the  same  form  as  that  which,  according  to  my  observations,  is  the  first  form  of 
blood-discs  in  all  animals.  I  saw  it  to  be  so  at  least  in  animals  at  both  ends 
of  the  t:cale,  including  Man.  I  have  given  drawings  of  tlieso  blood-discs  from 
the  Tadpole,  fig.  05,  and  Leech,  iig.  3ti  a.     There  is  a  form,  however,  anterior 
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Descending,  as  cells  thus  do,  from  an  original  mother-cell, 
and  this  by  cleavage  of  the  nucleus  of  that  mother-cell,  and 
all  subsequent  nuclei  being  propagated  in  the  same  way, 
by  fissiparous  generation, — such  being  the  process,  every  nu- 
cleus or  particle  of  hyaline  is  a  sort  of  centre,  inheriting  more 
or  less  of  the  properties  of  the  original  nucleus,  the  germinal 
spot  of  the  fecundated  ovum  ;  and  exercising  an  assimilative 
power.  (The  corpuscles  of  the  blood  are  floating  centres  of 
assimilation.) 

I  wish  it  to  be  distinctly  understood,  that,  in  my  researches, 
I  always  endeavoured  to  keep  strictly  to  observation,  avoid- 
ing all  theory ;  and  it  may  be  here  remarked,  that  some  of 
tliose  on  the  divisions  in  the  ovum,  just  referred  to,  were 
made  before  I  knew  much  of  cells.  Of  one  kind  of  animal 
alone,  the  Rabbit,  about  150  were  sacrificed  in  these  obser- 
vations ;  some  of  the  most  important  of  which  I  had  the  op- 
portunity of  enabling  my  honoured  friend  Professor  Owen  to 
confirm,  by  submitting  the  objects  under  the  microscope  to 
his  practised  and  most  rigorously  scrutinizing  eye. 

How  satisfactory  now  to  find  my  observations  confirmed  by 
researches  subsequently  made  by  others.  Thus  the  younger 
of  the  brothers  Goodsir  has  since  found,  in  the  ovum  of  a 
cystic  entozoon,*  the»germinal  vesicle  to  fill  with  cells  from 
the  germinal  spot,  by  a  process  obviously  the  same  as  that 
wliich  I  had  described  in  the  ovum  of  the  Mammal ;  the 
germinal  vesicle  enlarging  so  as  to  occupy  the  entire  ovum. 
Compare  in  Plate  I.,  figs.  45  and  46  ;  and  read  the  descrip- 
tion of  the  latter  figure. 

Farther,  how  satisfactory  now  to  find  those  observations 
of  mine  adopted  and  formally  applied  in  various  departments 

to  that  of  the  elliptical  disc,  and,  of  course,  quite  as  general ;  viz.,  the  globular, 
for  every  disc  (cytoblast)  appears  to  have  once  been  a  pellucid  globule  of  hya- 
line.— No  observer  can  learn  the  structure  of  the  blood-corpuscles,  who  does 
not  carefully  investigate  their  mode  of  origin  ;  and  this,  not  in  blood  taken 
from  large  vessels,  which  are  merely  channels  for  conveying  it,  but  in  that  con- 
tained, and  almost  at  rest,  in  the  capillaries,  and  especially  in  the  capillary 
plexuses  and  dilatations. 

*  Caenurva  cerebralis.  Trans.  Royal  Society,  Edinburgh.  1844.  Vol.  xv., 
PI.  xvi. 
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of  physiology ;  for  instance,  by  Professor  Goodsir,  who  there- 
by makes  a  plain  pathway  through  some  of  its  most  hidden 
regions.*  Thus  for  example  it  is  that,  regarding  every  nu- 
cleus in  his  germinal  membrane  (Bowman's  basement  mem- 
brane) as  a  germinal  spot, — and  keeping  in  view  what  he  de- 
nominates "that  most  important  observation  of  Martin  Barry 
on  the  function  of  the  nucleus  in  cellular  development," — he 
is  enabled  to  shew,  that  epithelium  cells  have  their  origin  in 
the  nuclei  of  that  membrane, — an  acknowledgment  to  me  the 
more  valuable,  from  the  fact,  discovered  by  Goodsir,  in  the 
ducts  of  glands,  that  the  epithelium  cell  is  the  secreting  organ. 

This  brings  me  to  notice  a  chapter  by  the  same  author, 
entitled  "  Centres  of  Nutrition,^^  regarding  which  he  writes 
as  follows : — "  The  phenomena  presented  by  these  centres 
incline  me  to  regard  them  as  destined  to  draw  from  the  ca- 
pillary vessels,  or  from  other  sources,  the  materials  of  nutri- 
tion, and  to  distribute  them  by  development  to  each  organ  or 
texture  after  its  kind.  In  this  way,  they  are  to  be  considered 
centres  of  germination;  and  I  have  elsewhere  named  them 
germinal  spots,  adopting  the  latter  term  from  the  embryo- 
logists.  The  centre  of  nutrition  with  which  we  are  most  fa- 
miliar, is  that  from  which  the  whole  organism  derives  its 
origin — the  germinal  spot  of  the  ovum.  From  this  all  the 
other  centres  are  derived,  either  mediately  or  immediately ; 
and  in  directions,  numbers,  and  arrangements,  which  induce 
the  configuration  and  structure  of  the  being.^f 

That  I  can  have  no  hesitation  in  admitting  all  the  attrac- 
tive force  here  attributed  by  Professor  Goodsir  to  those 
centres,  is  obvious  from  its  having  been  myself,  I  suppose, 
who  made  known  the  fact,  that  "  the  whole  organism  derives 
its  origin  from  the  germinal  spot  of  the  ovum;"  and  from 
what  1  wrote  six  years  ago  on  the  subject  of  centres  in  ge- 
neral. Thus,  in  the  Philosophical  Transactions  for  1841, 
p.  201,  will  be  found  the  following  words,  already  quoted, — 
resulting,  it  will  be  seen,  from  my  conviction  that  the  ger- 
minal spot  process,  described  by  myself,  was  the  same  in  all 

*  Anatomical  and  Pathological  Observations  by  John  Goodsir,  F.R.S.E.,  &c. 
and  II.  D.  S.  Goodsir,  M.W.S.     1845. 
t  Loc.  cit.,  p.  1- 
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cells.  I  said,  "  It  will  be  remarkable  if  the  mammiferous 
ovum,  which,  because  of  its  minuteness  and  the  difficulty  of 
obtaining  it,  had  been  considered  beyond  the  reach  of  satis- 
factory observation,  should  now  become  the  means  of  study- 
ing, not  merely  other  ova,  but  certain  processes  by  which 
nourishment  is  communicated,  and  the  growth  of  the  body 
effected  at  all  future  periods  of  life.  Such,  however,  I  think 
will  really  be  the  case." 

As  affording  probability  that  this  anticipation  would  be 
realized,  I  figured  centres,  special  centres ^  of  reproduction  and 
assimilation ;  directing  attention  more  particularly  to  such 
centres  as  were  situated  in  the  walls  of  tubes, — as,  for  in- 
stance, in   those 

entering  into  the  '^' 

formation  of  mus- 
cle (fig.  26),  the 
crystalline  lens 
(fig.  27),  and 
nerve  :  on  which 
Iremarked,""We 
may  hereafter  see 

reason  for  thinking  it  not  unimportant 
that  the  contents  of  the  '  primitive**  cell 
and  those  of  the  *  secondary*  cylinder 
should  have  their  origin  in  the  nucleus.""* 
And  subsequently,  when  those  centres 
were  referred  to,  my  views  regarding 
them  were  stated  in  the  following  words : 
— "  I  conceive  them  to  be  centres  of  assimilation  ;  having  been 
led  to  this  opinion  by  observing,  in  the  first  place,  that  they 
present  the  remarkable  orifice  in  question ;  and,  secondly, 
that  they  are  reproduced  by  self-division.  They  descend  in 
this  manner  from  the  nuclei  of  the  original  cells  of  develop- 
ment, i.e.  from  the  nuclei  of  the  corpuscles  of  the  blood. 
That  they  are  the  source  of  new  substance  is  very  obvious  ; 
for  they  may  be  seen  either  unwinding  into  a  filament,  or 
becoming  spindle-shaped  to  form  one.     But  what  I  wish  to 


Fig.  27. 


*  Phil.  Trans.,  1841,  p.  236. 
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add  is,  that  the  origin  of  new  filaments  in  these  nuclei 
appears  to  me  to  have  especial  reference  to  that  assimilation 
of  which  they  seem  to  be  the  centres.  Although  every 
nucleus  seems  to  possess  a  reproductive  property,  there  are 
thus  special  centres  of  reproduction.  Such  centres  were  also 
particularly  indicated  in  one  of  my  former  memoirs,*  as  ex- 
isting in  the  epithelium,  the  pigmentum  nigrum,  '  cellular' 
tissue,  and  cartilage.  In  describing  tlie  first  origin  of  muscle, 
nerve,  and  the  crystalline  lens,  also,  I  directed  attention  to 
such  centres,  stating  that  we  might  hereafter  see  reason  for 
thinking  it  not  unimportant  that  the  contents  of  the  '  primi- 
tive' cell,  and  those  of  the  'secondary'  cylinder,  should  have 
their  origin  in  the  nucleus  ;  and  I  was  particularly  desirous 
of  connecting  this  fact  with  the  existence  of  the  orifice  in 
question.  It  will  now  be  seen  that  I  had  in  view  the  subject 
of  assimilation  now  referred  to." f 

Such,  then,  having  been  my  views  long  since,  I  can  have 
no  hesitation  in  admitting  all  the  attractive  force  attributed 
to  those  centres  by  Professor  Goodsir ;  whose  theory  of  nutri- 
tion, indeed,  harmonizes  so  fully  therewith,  that  a  friend 
pointed  it  out  to  me  as  the  formal  application  of  my  views. 
And  on  a  perusal  of  the  important  volume  just  referred  to, 
by  the  brothers  Goodsir,  I  have  the  satisfaction  to  find,  that 
all  in  it  relating  to  the  "  function  of  the  nucleus  in  cellular 
development,"  appears  to  be  derived  from  the  same  source. 

I  have  here  great  pleasure  in  acknowledging  that  Professor 
Goodsir's  discovery  of  the  real  structure  of  basement  mem- 
brane, appears  to  me  an  important  step  towards  a  solution  of 
the  question — How  do  the  corpuscles  of  the  blood  enter  into 
the  formation  of  structures  arising  on  the  "  free  surfaces  of 
parts  or  organs"  %  That  the  blood-corpuscles  do  enter  into 
the  formation  of  such  structures,  I  must  take  to  myself  the 
credit  of  having  shewn,  by  tracing  them  into  the  incipient 
chorion  in  the  Fallopian  tube.  J  But  it  is  now  possible,  I 
think,  to  offer  an  explanation  of  the  mode  in  which  they  are 

*  Phil.  Trans.,  1841,  par.  119,  120,  135,  144. 

t  Kdinburgh  New  Philosophical  Journal,  October  1,  1843,  pp.  207,  208. 

X  On  the  Corpuscles  of  the  Blood,  Phil.  Trans.  1840. 
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made  to  do  so  ;  which  will  be  found  at  the  end  of  this  paper. 
I  would  here  merely  add  that  the  discovery  now  referred  to, 
is  that  of  nuclei  found  by  Goodsir  in  the  basement  membrane, 
the  presence  of  which  nuclei  induced  him  to  call  that  mem- 
brane a  germinal  membrane  ;  for,  adopting  my  views  on  the 
"  function  of  the  nucleus,"  he  believes  the  nuclei  in  his  ger- 
minal membrane  to  absorb  from  the  capillaries  on  one  side 
of  tliat  membrane,  and  give  origin  to  the  epithelium-cells  on 
the  other. 

Here  I  must  not  omit  to  say,  the  orifice  I  have  so  gene- 
rally met  with  in  the  nucleus,  is  most  important  in  the  func- 
tion of  absorption  by  that  body,  especially  in  centres  such  as 
those  present  in  germinal  membranes,  fig. '  50,  and  in  the 
tubes,  figs.  26  and  27';  that  orifice  being  in  cells,  as  well  as  in 
certain  of  the  Infusoria,  a  sort  of  mouth  for  nutrition  ;  and  in 
all  it  is  equally  an  opening  for  fecundation,  or  what  is  equi- 
valent to  fecundation,  for  the  introduction  of  a  substance  to 
be  subjected  to  that  assimilative  process  which  prepares  the 
cell  for  either  reproduction  or  any  other  purpose.  In  tissue- 
tubes,  such  as  those  in  figs.  26  and  27,  the  nucleus  with  its 
orifice  seems  to  remain  for  the  purpose  of  exercising  an  ap- 
propriative  power, — forming  muscle  in  one  instance,  fibres  of 
the  lens  in  another,  and  so  on. 

Of  the  existence  of  the  orifice  in  question,  we  have,  I  think, 
a  highly  interesting  proof  in  observations  made  last  year  by 
Dr  Harless  ;*  who,  in  examining  cells  of  the  ganglion-globules 
in  the  lobus  electricus  of  the  Torpedo  Galvanii,  found  nervous 
filaments  connected  with  what  he  terms  the  nucleus  of  an 
inner  cell.  I  have  copied  three  of  his  figures ;  and  if  these  be 
referred  to,  Plate  I,  fig.  44,  it  will  be  found  that  his  nucleus 
of  the  inner  cell  is  my  orifice,  situated  in  a  and  /3  in  a  hyaline 
nucleus,  membranous  at  the  surface,!  and  in  y  in  a  finely 
granular  nucleus  or  cytoblast, — being  in  the  latter  double. 
The  nervous  filaments  so  connected,  and,  as  Dr  Harless  says, 
proceeding  from  the  point  in  question,  he  describes  as  pellu- 
cid, and  as  belonging  to  the  medulla  of  the  primitive  fibres. 
In  some  instances,  he  saw  two  such  filaments  connected  with 

*  MUller's  Arcliiv,  1846,  No.  III.,  p.  283. 
t  The  "  hollow  nucleus"  of  Schwann. 
VOL.  XLIII.  NO.  LXXXVI.— -OCTOBEll  1847.  P 
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cells  in  this  manner  (see  jS  in  fig.  44),^the  directions  taken  by 
the  two  filaments  having  been  so  different,  that  he  suggests 
whether  one  of  them  may  not  have  belonged  to  a  cerebral 
fibre,  and  the  other  to  a  peripheral  nerve. 

From  all  that  I  have  written  concerning  the  nucleus  of  the 
cell, — which  had  been  supposed  to  remain  inert  in  the  cell- 
wall,  or  to  be  "  cast  off  as  useless  and  absorbed," — and  espe- 
cially from  what  I  have  said  regarding  the  mysterious  centre  of 
that  nucleus — the  primogenital,  absorbing,  assimilating,  for- 
mative, dividing,  subdividing,  even  vibratory,  and  ever  active 
hyaline — it  will  be  seen  that  to  me  Dr  Harless's  observation 
must  be  one  of  surpassing  interest.  I  refrain,  however,  from 
further  remarking  on  it ;  the  subject  having  been  here  re- 
ferred to  merely  for  the  purpose  of  shewing  that,  by  the  ex- 
istence of  a  connection  between  the  nucleolus  of  the  cell  and 
nerve,  that  of  the  orifice  in  question  is  implied. 

In  connection  with  Professor  Goodsir's  observations  on 
the  placenta,  I  refer  to  my  own,  previously  published,  on  the 
mode  of  origin  of  the  chorion  (Plate  II.,  fig.  54  x) ;  for  the 
purpose  of  pointing  out  in  the  nuclei  of  the  cells  which  enter 
into  the  formation  of  the  chorion,  the  source  of  the  germinal 
spots  or  centres  figured  by  Goodsir  in  advanced  stages  of  that 
membrane.  (I  would  also  direct  attention  particularly  to  a 
fact  above  referred  to,  the  presence  of  nuclei  or  germinal 
centres  in  cell-membranes  however  small  at  first, — as  for  in- 
stance in  the  membrane  of  the  ovisac.  This  I  think  not  un- 
deserving of  remembrance,  in  connection  with  the  subject  of 
the  enlargement  which  some  cells  undergo  in  both  healthy 
and  morbid  growths.) 

In  his  important  paper  on  secretion,  published  in  1842,* 
Professor  Goodsir  recognises  cells  in  general  as  endowed 
with  a  property  which,  I  must  do  myself  the  justice  to  say, 
had  not  been  overlooked  by  me  when  examining  such  cells 
as  came  under  my  notice.  Thus,  the  year  before,  I  had 
shewn  the  pigmentum  nigrum  to  have  its  origin  in  cells.  But 
it  is  evident  Professor  Goodsir  was  not  aware  of  what  I  had 

*  Trans.  R.  S.  E.,  1842. 
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written,  or  he  would  not  have  supposed  the  secretion  con- 
tained in  the  cell-cavity  to  be  produced  by  the  ceW-wall ;  for 
in  a  subsequent  paper,  in  which  he  attributes  the  property 
of  secretion  to  the  nucleus  of  the  cell,  he  acknowledges  it  to 
have  been  my  observations  "  on  the  function  of  the  nucleus  in 
cellular  development'^  that  convinced  him  he  had  been  in  error 
in  attributing  that  property  to  the  cell-wa//.  So  minutely 
had  the  mode  of  origin  of  the  red  colouring  matter  and  that 
of  the  pigmentum  nigrum  been  investigated  by  me,  that  I  had 
found,  in  the  first  place,  the  red  colouring  matter  to  be  formed 
by  the  hyaline  nucleus  of  the  cell ;  and,  secondly,  that  red 
colouring  matter  to  afford  a  medium  for  the  formation  of  the 
black  pigment,  which  also  was  seen  to  arise  out  of  the  hya- 
line nucleus  within  the  cavity  of  the  cell. 

As  all  the  tissues  have  their  origin  in  corpuscles  present- 
ing the  same  colour,  form,  and  size,  as  corpuscles  of  the 
blood, — and  if  all  cells  are  derived,  as  I  believe  them  to  be, 
from  the  corpuscles  of  the  blood, — it  will  be  seen  that  the 
red  colouring  matter  is  a  secretion  of  importance,  and  this 
on  two  accounts.  In  the  first  place,  it  is  universal, — for  every- 
where, in  greater  or  less  quantity,  it  is  reproduced  ;  and  se- 
condly, it  no  doubt  aifords  a  medium  for  the  formation  of 
other  substances  in  the  cell-cavity,  as  well  as  for  that  of  the 
pigmentum  nigrum.  It  corresponds  in  fact  to  the  finely  gra- 
nular substance  of  every  nucleus  and  cytoMast,  which  comes 
into  vietp  as  new  matter  is  appropriated  by  the  hyaline. 

I  obsei've  confirmations  in  other  quarters  also.  Some  of 
these  were  referred  to  on  former  occa-  pj  28  29  30  31. 
sions,*  and  need  not  be  particularly  men- 
tioned here.  They  are,  Schwann's  deli- 
neations of  the  cells  of  cartilage,  figures 
by  Valentin  of  ganglion-globules,  and 
drawings  by  Miiller  of  the  cells  of  morbid 
growths.  Figs.  28,  29,  30,  and  31,  since 
published  by  Dr  Bagge,t  represent  stages 
of  the  ovum  of  an  intestinal  worm  ;  con- 

*  Phil.  Trans.,  1840,  p.  552,  note.     1841,  pp.  207,  208. 
t  De  Evolutione  Strongyli,  &c.     4to.     1841. 
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cerning  wliicli  Professor  Owen  in  a  lecture  remarked,  •'  There 
is  a  close  and  interesting  analogy  between  the  above  pheno- 
mena, which  were  published  in  1841,  and  some  of  those  com- 
municated by  Dr  M.  Barry  to  the  Royal  Society,  in  January 
1841,  and  published  in  the  Philosophical  Transactions  of  the 
same  year.  The  clear  central  nucleus  of  the  blood-corpuscle 
[see  figs.  22,  23,  24,  25]  is  there  shewn  to  form  two  discs, 
which  give  origin  to  two  cells.  We  may,  likewise,  discern 
in  the  pellucid  nucleus  of  the  yolk,  dividing  and  giving  origin 
to  two  yolk-cells,  according  to  the  German  author,  the  hyaline 
nucleus  of  Dr  M.  Barry."* 

Between  the  appearances  presented  by  the  mammifer- 
ous  germ  during  the  passage  of  the  ovum  through  the  ovi- 
duct and  certain  infusoria,  including  the  volvox  glohator  as 
figured  by  Ehrenberg  (some  of  whose  observations  have  been 
confirmed  and  extended  by  myselff),  the  resemblance,  first 
mentioned  by  Professor  Owen,  is  so  remarkable  that  we  cannot 
avoid  the  belief,  that  the  same  process  operates  in  both.  And 
farther,  we  have  here  a  most  interesting  confirmation  of  the 
view,  that  the  germ  of  the  highest  animals  at  certain  pe- 
riods, represents,  or  passes  through  forms  permanent  in  the 
lowest. 

Cilia-bearing  cylinders  arise,  not  by  coalescence — as  sup- 
posed by  Valentin — but  by  division,  like  some  of  the  Vorti- 
cellae  ;  which  they  resemble  also  in  the  position  of  the  cilia. 

I  have  already  said  that  in  Mammals,  the  rudimental  em- 
bryo is  no  other  than  the  nucleus  of  a  cell ;  which  nucleus 
originally  has  the  same  appearance  and  undergoes  the  same 
kind  of  changes  as  the  nucleus  of  every  cell  subsequently  de- 
veloped from  it,  and  entering  into  the  formation  of  the  em- 
bryo.— The  first  portion  of  the  embryo  that  is  formed  is  the 
chorda  dor  salts,  corresponding  to  the  supposed  "  primitive 
trace"  of  authors.     I  have  published  a  memoir  J  shewing  this 

*  Hunterian  Lectures.     1843.     P.  78. 

t  See  the  Number  of  this  Journal  for  October  1843,  pp.  214-219. 

\  Philosopliical  Transactions.     1841. 
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to  be  the  case  ;  and  here  also  Professor  Goodsir  informs  me 
that  he  adopts  my  views. 

It  may  be  added,  that  at  a  recent  meeting  of  this  Society 
the  same  talented  observer  mentioned  an  observation  of  his 
own  on  some  of  the  poligastric  Infusoria,  as  fully  confirming 
mine, — that  the  nucleus  sometimes  passes  directly  into  a  spi- 
ral form  while  still  within  its  cell.  And  in  the  same  quarter 
my  observation  has  been  confirmed, — that  the  spiral  is  the 
most  primitive  of  forms.  (To  this,  I  have  no  doubt,  is  refer- 
able the  spiral  form  retained  through  life  by  some  of  the 
lower  animals : — for  instance,  the  spiral-shelled  Mollusca.) 

In  the  blood  of  animals  which  had  been  kept  for  periods 
varying  from  18  hours  to  two  days  after 
death,  I  found  the  nuclei  of  the  corpuscles  ^°* 

dividing  into  segments  (fig.  32),'*  and  the       >( 
segments  sending  out  processes;  which  pro-       ^Vy-T  >^  ^ 
cesses,  becoming  acuminated,  passed  into  ^H 

cilia.  The  vibrations  of  these  cilia  gave  to 
the  now  star-like  corpuscles  a  locomotive  power.  This  I  have 
observed  to  be  precisely  the  mode  of  origin  of  the  mammife- 
rous  Spermatozoa, — each  of  which  is  represented  by  one  of 
the  segments  in  that  figure.  (The  segments  and  the  cilia,  it 
will  be  seen,  are  processes  from  the  hyaline.  Compare  with 
fig.  8.) 

I  believe  that  when  animal  and  vegetable  substances  are 
macerated  in  water,  particles  of  hyaline  (fig.  1),  which  are 
the  true  cell-germs,  may  assume  an  independent  life  in  the 
form  of  Infusoria ;  and  thus  go  far  to  explain  the  so-called 
spontaneous  generation. t 

It  may  be  added,  as  an  observation  I  have  not  published 
before,  that  the  markings  on  the  egg-shells  of  Birds  afford  a 
beautiful  display  of  colouring  matter,  obviously  formed  in  cells, 
and  there  seen  on  a  scale  so  large  as  to  be  visible  without  a 
magnifying  power ;  the  colouring  matter  being  sometimes  of 
deepest  hue  in  what  had  been  the  situation  of  the  nucleus, 

*  Phil  Trans.,  1841,  Plate  XXII.,  Fig.  105,  y. 

t  Oxi  this  subject  see  my  views  more  at  length,  iu  No.  Ixx.  of  this  Journal 
(October  1843),  pp.  219,  220. 
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and  presenting  zones,  which  grow  paler  and  paler  as  they 
extend  over  a  larger  surface.  These  markings  on  the  shells 
of  eggs  often  present  a  curious  resemblance  to  the  ramifica- 
tions of  the  pigmentum  nigrum,  proceeding  from  reproduc- 
tive centres  ;  as  in  eggs  of  several  of  the  Buntings. 

Fig.  52  in"  Plate  II.  represents  part  of  an  ovum  of  the  Com- 
mon Leech.  I  would  direct  attention  to  the  resemblance  be- 
tween it  and  what  I  believe  to  be  corresponding  parts  in  ova 
of  the  Rabbit,  figured  by  myself  in  the  Phil.  Trans,  for  1839, 
Plates  VI.  and  YII.,  fig.  114,  &c.,  bb,  bb%  and  a.p. 

The  long  pellucid  area  a  m  in  fig.  52  is  the  situation  of  the 
future  nervous  ganglia  in  the  Leech.  Compare  it  with  an 
obviously  corresponding  area  in  my  figures  just  referred  to — 
the  situation  of  the  future  spinal  cord.  Again,  the  round  iris- 
like body  at  a,  fig.  52, — so  far  in  advance  of  the  other  parts  in 
its  formation, — is  the  sucking  apparatus  of  the  Leech,  en- 
dowed apparently  at  this  early  period  with  suctorial  power. 
Compare  it  with  the  nucleus  of  my  queen  bee  cell  in  the  same 
and  preceding  figures ;  which  nucleus  I  have  always  main- 
tained to  be  the  rudimental  embryo  in  the  mammiferous 
ovum. 

But  the  figure  from  the  ovum  of  the  Leech  was  published 
by  Professor  E.  H.  Weber  in  Meckel's  Archiv,  in  1828, — 
many  years  before  any  thing  was  known  of  the  physiology  of 
cells.  It  serves  as  an  example  of  the  importance  of  fidelity 
in  delineation ;  for  I  do  not  think  that  now,  with  all  our 
knowledge  regarding  cells,  we  could  give  a  drawing  much 
more  satisfactorily  representing  them  ; — at  least  on  the  same 
scale. 

That  ovum  of  the  Leech,  elliptical  in  form,  had  a  length 
not  exceeding  three  Paris  lines.  Yet  even  at  this  early  pe- 
riod. Professor  Weber  noticed  that  the  sucking  property  of 
the  iris-like  body,  a,  had  begun  to  manifest  itself  in  alter- 
nate contraction  and  dilatation  of  the  central  orifice ;  the  ef- 
fect of  which  seemed  also  visible  in  the  surrounding  albumen. 
Compare  these  facts  with  observations  recorded  by  myself  on 
the  nucleus,  bb,  in  the  mammiferous  ovum  ;  remembering  my 
orifice  in  the  nucleus  of  the  cell, — and  all  that  I  have  now 
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said,  as  well  as  that  which  is  implied  by  what  I  had  previous- 
ly written,  on  an  attractive  force  or  suctorial  power  as  exer- 
cised by  that  nucleus ;  for  assuredly  no  other  than  what  had 
been  such  a  nucleus  is  to  be  recognised  in  Weber's  figure. 

Professor  Goodsir  finds  his  "  germinal  membrane,"  met 
with  on  the  free  surfaces  of  parts  or  organs,  to  consist  of 
"  cells,  with  their  cavities  flattened,  so  that  their  walls  form 
the  membrane  by  cohering  at  their  edges."* 

I  am  happy  to  have  it  in  my  power  to  confirm  this  obser- 
vation, by  stating  that  the  description  now  quoted  fully  ap- 
plies to  two  membranes  in  the  mammiferous  ovum  seen  by 
myself,  and  figured  in  the  Philosophical  Transactions  for 
1839. t  One  of  these,  my  "  amnion,"  corresponds  to  what 
had  long  been  called  the  "  germinal  membrane"  in  the  ovum 
of  the  Bird :  and  the  other  I  stated  to  be  the  foundation  of 
the  lamina  subsequently  vascular.  Several  figures  of  the  lat- 
ter I  have'copied  on  this  occasion, — Plate  I.,  figs.  33, 34 ;  and 
I  recommend  an  attentive  perusal  of  the  description  of  these 
figures.  Tubes  such  as  those  entering  into  the  formation  of 
muscle,  fig.  26,  and  the  lens,  fig.  27,  are  certainly  germinal 
membranes  ;  appearing  thus  to  have  the  power  of  absorbing 
for  nutrition.  And  if  fig.  38  in  Plate  I.  be  referred  to,  it  will 
be  found  that  the  membrane  of  my  ovisac  presents  a  struc- 
ture of  the  same  kind  ;  which  is  interesting,  1.  from  the  sub- 
sequent ramification  of  numerous  capillaries  on  it,  by  which 
there  is  formed  a  Graafian  vesicle,  J  and,  2.  from  its  inner  sur- 
face being  the  situation  of  the  "  membrana  granulosa,"  a  sort 
of  epithelium.  I  long  since  shewed  the  incipient  chorion  to 
have  a  like  structure  (Plate  II.,  fig.  54,  %) ;  and,  as  already 
said,  there  is  good  reason  for  believing  it  to  be  the  struc- 
ture of  other  membranes.§ 

*  Loc.  cit.,  p.  3,  t  Plates  VII.  and  VIII. 

X  Of  which  the  ovisac  is  now  the  inner  membrane.   Phil.  Trans.,  1838,  p.  311. 

§  While  these  pages  are  passing  through  the  press,  I  learn  that  Professor 
llarting  of  Utrecht,  and  ^M.  Mulder,  have  lately  found  the  primitive  membrane 
of  the  vegetable  cell,  even  when  young  and  before  its  thickening,  to  present 
many  povcs.  This  seems  to  be  in  perfect  keeping  with  what!  long  since  shewed 
to  be  the  mode  of  origin  and  structure  of  the  membrane  of  the  ovisac,  already 
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I  had  also  observed  and  sketched,  as  seen  both  in  the  Fal- 
lopian tube  and  at  its  fimbriated  extremity,  traces  of  what 
was  probably  a  corresponding  membrane,  though  perhaps  in 
an  incipient  state  (Plate  II.,  fig.  48,  7)  ;  in  one  instance  along 
with  young  and  blood-red  epithelium  cells.  The  latter  when 
fully  formed,  I  had  also  seen  and  figured  (Plate  II.,  fig.  54,  Q 
"  adhering  by  their  distal  extremities,"  in  the  manner  de- 
scribed by  Goodsir ;  as  well  as  what  appear  to  have  been 
cytoblasts  and  cells  of  a  germinal  membrane,  for  forming 
epithelia,  fig.  54,  a,  /3,  7,  b.  And  I  would  offer  the  diagram, 
fig.  53,  in  Plate  II.,  as  the  probable  mode  of  origin  and  evo- 
lution of  the  epithelium  cells. 

This  diagram  represents  a  germinal  membrane,  resting  on 
capillaries  such  as  those  in  Jig,  48,  j8,  Plate  II.  ;  having  on  the 
extreme  left  a  cytoblast,  marked  IV.,  in  the  state  represented 
by  the  woodcut,  fig.  4.  The  cytoblast  becomes  a  cell, 
marked  V.,  which  is  in  the  state  of  that  in  the  woodcut,  fig. 
5.  VI.  In  the  diagram  corresponds  to  the  woodcut,  fig.  6 ; 
and  so  on,  as  far  as  XI.;  after  which  the  epithelium  cells 
are  given  off,  adhering  to  the  membrane  of  the  cell  or  cells 
in  which  they  arose  ;  and  leaving  the  nuclei,  which  are  in  out- 
line only,  in  a  state  for  producing  another  brood. 

This  explanation,  rendering  it  needless  to  suppose  that 
there  occurs  a  splitting  of  the  germinal  m^embrane  into  two 
layers,  seems  to  meet  a  difficulty  spoken  of  by  Goodsir ;  and 
it  probably  applies  as  much  to  the  supposed  splitting  of  what 
has  been  called  the  "  germinal  membrane"  in  the  ovum  ;  for 
in  both  there  is  formed  a  "  mucous"  or  epithelial  surface. 

But  if  the  diagram  in  question  explains  the  mode  of  origin 
of  epithelium  cells,  it  may  also  admit  of  a  further  and  a  more 
important  application.     I  found  the  red  colouring  matter  of 

mentioned  in  pp.  207  and  209  of  this  paper,  and  to  accord  with  my  belief  in 
the  compound  structure  of  the  membrane  of  every  cell.  With  regard  to  the 
question  at  present  much  occuj)ying  the  attention  of  Vegetable  Physiologists — 
Whether,  in  the  thickening  of  the  cell-membrane,  the  inner  or  the  outer  layer 
is  the  last  formed, — all  my  observations  on  the  functions  of  the  nucleus  are  of 
course  in  favour  of  the  inner  layer  being  formed  last  (see  fig,  40.)  But  if  the 
primitive  membrane  of  the  cell  be,  as  I  believe,  a  compound  structure,  it  has 
in  its  own  substance  the  means  of  contributing  towards  its  thickening.  (See 
rhil.  Trans.,  1841,  Tlatc  XX\^,  figs.  170-173.) 
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the  blood  to  reappear  in  the  epithelium  cells.  And  I  am  inca- 
pable of  understanding  the  presence  in  large  quantity,  in  the 
Fallopian  tube,  of  red  blood-discs  and  cells  such  as  those  at  Q 
in  the  figure,  without  supposing  that  they  have  here,  as  well 
as  elsewhere,  their  origin  in  parent-cells,  such  as  the  epithe- 
lium cells  at  n  seem  to  have  been.  Now,  out  of  blood-red 
discs  (fig.  54,  ^),  as  I  long  since  shewed,  are  formed  cells 
with  processes  or  arms  (/),  and  out  of  these  is  formed  the 
chorion  (x) ;  which,  by  the  remarks  now  made,  I  am  endea- 
vouring to  connect  with  the  blood-corpuscles  in  the  circula- 
tion,— for,  it  will  be  recollected,  the  epithelium  cells  derive 
their  origin  from  capillaries  such  as  those  in  fig.  48,  /3,  con- 
taining  only  blood-corpuscles,  and  no  liquor  sanguinis  at  all. 

And  if  it  be  thus  possible  to  trace  the  elements  of  the 
chorion  from  a  free  surface,  through  epithelium  cells,  to  the 
blood-corpuscles,  how  much  more  is  it  not  possible  to  refer 
to  those  corpuscles  the  elements  of  the  tissues,  as  well  as  all 
nutrition  ;  seeing  that  here  we  have  a  more  direct  communi- 
cation, and  no  epithelium  cells  \ 

Having,  six  years  since,  investigated  the  mode  of  origin  of 
nearly  every  tissue  of  the  body,  and  written  a  long  memoir 
for  the  sole  purpose  of  communicating  the  results  of  those 
investigations,*  I  need  not  here  refer  to  the  subject  in  any 
other,  than  a  very  general  manner.  In  that  memoir  I  stated 
the  tissues  to  be  formed  of  "  corpuscles,  having  the  same  ap- 
pearance as  corpuscles  of  the  blood,"  and  did  not  hesitate  to 
add  my  belief  that  the  corpuscles  having  that  appearance,  and 
entering  into  the  formation  of  the  tissues,  were  derived  from 
blood-corpuscles  which  had  been  in  the  circulation.  My 
views  are  stated  somewhat  in  detail,  in  the  description  of  figs. 
47  and  48  of  Plate  II. ;  to  which  description  I  refer,  and  would 
here  simply  add,  that  there  was  no  liquor  sanguinis  in  the 
capillaries  represented  in  those  figures  ;  that  I  believe  it  to 
be  the  hyaline  from  the  centres  of  blood-corpuscles  that 
escapes  from  the  capillaries  for  nutrition  and  the  formation 
of  new  parts, — globules  of  which  hyaline  become  red  cyto- 
blasts,  exactly  like  those  still  in  the  circulation ;  and  that, 

♦  "  On  the  Corpuscles  of  the  Blood,"  I'art  111.,  Phil.  Trans.  1841. 
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centres  being  observable  in  the  walls  of  capillaries  (Plate  II., 
fig.  49  d,)  which  are  evidently  nuclei  of  the  cells  forming  those 
capillaries,  it  is  probable  that  the  walls  of  capillaries  also  are 
germinal  membranes,  which,  by  their  nucleal  orifices,  take  up 
and  distribute  on  their  exterior  the  hyaline  of  the  blood-cor- 
puscles ;  this  hyaline  being  then  absorbed  by  other  centres 
for  nutrition  or  the  formation  of  new  parts. 

Explanation  of  the  Plates, 
PLATE  I. 

Fig.  33.  From  ova  of  the  Rabbit.  «,  Network  representing  part  of  the  in- 
cipient umbilical  vesicle.  A  hollow  process  or  little  vSac,  consisting  of  incipient 
cells,  having  been  given  off  by  the  rudimental  embryo  (the  nucleus  of  a  cell), 
those  cells  coalesce  where  in  contact,  and  form  this  network  ;  which,  enlarging, 
at  length  lines  the  ovum.  The  pellucid  nuclisi  of  the  coalesced  cells  are  at  the 
surface  of  their  cells.  They  are  surrounded  by  minute  globules,  and  have  no 
nucleolus.  /S,  The  same  object  in  a  stage  more  advanced.  It  now  lines  the 
ovum,  and  the  membranous  portion  of  the  network  is  disappearing.  A  nucle- 
olus is  notv  coming  into  view,  y,  Stage  still  more  advanced ; — all  traces  of  a  net- 
work have  disappeared,  and  the  nuclei  alone  remain. —  (Phil.  Trans.,  1839. 
Plates  VIII.  and  VII.,  Figs.  132,  120,  121.) 

Fig.  34.  A  later  stage  of  the  objects  in  the  preceding  figure.  Cells  have 
been  formed  by  cy  to  blasts,  arising  out  of  bodies  such  as  those  in  fig.  33,  y. 
Each  cell  has  a  pellucid  nucleus,  corresponding  to  that  which  was  the  nucleolus 
in  fig.  33,  y.  And  ivhat  were  nucleoli  in  jig.  33,  y,  are  notv  nuclei.  Of  these 
nuclei,  there  are  seen  in  the  figure  three  stages,  «,  /3,  y, — a  exhibiting  the  l6ast 
advanced,  and  y  the  most  forward  stage,  a,  The  nucleus  is  merely  a  portion 
of  hyaline,  not  surrounded  by  any  globules,  and  not  having  a  nucleolus.  (■>, 
Globules  are  now  seen  surrounding  the  nucleus,  and  in  two  instances  a  nucle- 
olus is  coming  into  view,  y,  The  nucleus  is  now  surrounded  by  a  membrane, 
formed  by  globules  such  as  those  at  /3,  and  it  has  now  a  well-defined  nucleolus. 
—(Phil.  Trans.,  1839,  Plate  VIII.,  fig.  150.) 

Fig.  35.  Young  blood-coi'puscles  of  the  tadpole  of  the  large  Toad  of  Jersey. 
They  are  cytoblasts.— (Phil,  Trans.,  1841,  Plate  XX.,  fig.  74,  /3.) 

Pig.  36.  Young  blood-corpuscles,  a  of  the  Leech,  and  jS  of  the  fa-tal  Sheep. 
Some  of  the  latter  are  escaping  from  the  parent-cell. — (Phil.  Trans,,  1841, 
Plates  XIX.  and  XXIII.) 

Fig.  37.  Blood-red  bodies  derived  from  blood-corpuscles  of  a  bird,  the  Wry- 
neck (Yunx  Torquilla,  LiNN.);  and  forming  ova  in  their  ovisacs,  a.  Originally 
elliptical,  has  become  round.  /3,  The  outer  part  consists  of  cytoblasts,  which 
surround  a  centi-al  cytoblast.  y,  The  central  cytoblast  has  become  a  cell,  the 
germinal  vesicle,  and  exhibits  a  distinct  orifice  in  the  situation  of  the  future 
germinal  spot.  (The  entire  body  y  appeared  to  be  membranous  at  its  surface, 
fi'om  the  remains  of  the  cell-membrane  formed  by  its  cytoblast.)  ^,  The  ger- 
minal vesicle  and  its  orifice  are  much  larger,    i,  The  germinal  vesicle  has  fur- 
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thor  increased  in  size,  and  the  peripheral  cytoblasts  are  dividing  into  minuter 
cytoblasts,  i.  c,  they  have  formed  cells  which  exhibit  (are  being  reproduced  by) 
a  cell-formation  in  their  interior.  (Phil.  Trans.  1841,  Plate  XXV.,  figs.  165- 
167.) 

Fig.  38.  From  the  same  ovary.  Portion  of  the  membrane  of  an  ovisac,  which 
was  elliptical,  and  \'"  in  length  as  it  lay  crushed  under  glass.  It  still  pre- 
sented a  pale  tinge  of  red,  as  well  as  a  trace  of  the  minute  cells  of  which  the 
membrane  is  composed.     (Phil.  Trans.,  1841,  Plate  XXV.,  fig.  172.) 

Fig.  39.  Blood-corpuscles,  and  cells  &c.  derived  from  blood-corpuscles,  of  the 
Lobster,  Tadpole,  Cod,  Chick  in  ovo,  Rabbit,  and  ftctal  Sheep  and  Ox.  All  drawn 
on  the  same  scale;  magnified  600  diameters.  (Phil.  Trans.,  1840  and  1841.) 
Most  of  the  larger  of  these  bodies  are  very  much  in  outline. 

Fig.  40.  The  germinal  vesicle,  and  some  of  the  surrounding  substance,  in  an 
ovum  of  the  Tiger,  after  the  ovary  had  been  for  a  short  time  macei*ated.  The 
germinal  vesicle  had  become  elliptical,  and  out  of  the  germinal  spot  there  had 
arisen  three  concentric  cells.  (Phil.  Trans.,  1839,  Plate  V.,  fig.  89).  See  the 
description  of  fig.  41. 

Fig.  41.  A  nucleus  in  its  cell.  The  nucleus  consists  of  two  concentric  cyto- 
blasts, the  inner  being  the  one  last  formed.  The  nucleus  of  this  cell  was  the 
rudimental  embryo  of  the  Rabbit.     (Phil.  Trans.,  1839,  Plate  VIII.,  fig.  148.) 

Fig.  42.  The  nucleus  of  one  of  the  twin  cells  in  an  ovum  of  the  Rabbit  of  17 
hours,  from  the  Fallopian  tube.  Its  external  part  consisted  almost  entirely  of 
cytoblasts.     (Phil.  Trans.,  1840,  Plate  XXIV.,  fig.  192.) 

Fig.  43.  Nucleus  of  one  of  the  transitory  cells  in  an  ovum  of  the  Rabbit  from 
the  Fallopian  tube,  of  the  same  age  as  that  in  the  preceding  figure.  (Phil. 
Trans.,  1840,  Plate  XXIV.,  fig.  189.) 

Fig.  44.  After  Harless.  .  a,  /J,  y,  Cells  of  ganglion-globules  in  the  lobus  elec- 
tricus  of  the  Torpedo  Galvanii ;  shewing  a  connection  between  nef vous  fila- 
ments, and  what  Dr  Harless  terms  the  nucleus  of  an  inner  cell.  See  pp.  217, 
218  of  this  Journal. 

Fig.  45.  06,  An  ovarian  ovum  of  a  rabbit  killed  in  the  state  of  heat;  in  diame- 
ter iV'".  c,  Germinal  vesicle.  /3,  The  pellucid  centre  of  the  altered  germinal  spot 
on  a  larger  scale,  from  an  ovum  of  the  same  ovary  as  the  ovum  a.  (Phil. 
Trans.  1840,  Plate  XXII.,  Fig.  162.)     Compare  with  Fig.  46. 

Fig.  46.  After  H.  D.  S.  Goodsir.  Ovules  of  Caenurus  cerebralis.  a,  "  Fifth 
stage  of  ovule.  C,  primary  germinal  vesicle ;  D,  primary  circle  of  cells;  E, 
central  cell  of  primary  circle  of  cells  become  larger ;  F,  its  nucleus,  become 
larger  and  nodulated."  /J,  "  Ovule  of  Caenurus,  very  far  advanced  in  the  dis- 
coidal  period  of  developement.  The  concentric  circlets  of  cells  are  seen ;  and 
the  central  circlet  near  to  the  lower  edge  as  it  was  pressed  between  the  plates 
of  glass,  shewing  that  there  is  elevation,  to  a  certain  extent,  during  the  latter 
stages  of  this  period.  A,  external  covering  of  gemmule  ;  C,  some  of  the  con- 
centric circles  of  young  cells;  C,  central  cell  of  last  formed  circlet;  D,  its  nu- 
cleus and  clear  space."  (Trans.  R.  S.  E.,  1844,  Vol.  XV.,  Plate  XVI.,  Figs.  5 
and  9.) 

PLATE  II. 
Fig.  46^.  Blood-corpuscles  from  the  edge,  poaterior  surface,  and  neighbour- 
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hood  of  the  crystalline  lens  in  the  chick  in  ovo  and  a  fcetal  sheep  ;  very  nuicli 
enlarged,  especially  the  hyaline,  which  has  increased  in  quantity  at  the  ex- 
pense of  the  red  colouring  matter.  Magnified  600  diameters.  (Phil.  Trans. , 
1841.)     See  the  description  of  Fig.  47. 

Fig.  47.  A  small  portion  of  one  of  the  dilated  capillaries  at  the  edge  of  the 
crystalline  lens  in  a  foetal  ox  of  18  inches ;  filled  with  blood-corpuscles  in  greatly 
enlarged  and  altered  states.  This  cajiillary  was  most  unequal  in  calibre  at 
different  parts.  Magnified  600  diameters.  (Phil.  Trans.,  1841,  Plate  XX1\\, 
Fig.  152.)  The  blood-corpuscles,  or  rather  cells,  were  for  the  most  part  rup- 
tured. At  the  upper  part  of  the  figure  on  the  riglit  hand,  they  were  still  en- 
tire. The  part  reddened  is  the  red  colouring  matter,  and  the  white  exhibits 
the  hyaline  from  the  ruptured  cells.  In  the  capillaries  the  red  colouring  mat- 
ter of  the  corpuscles  serves  as  a  sort  of  pabulum  for  the  hyaline  centres  of  those 
corpuscles;  the  quantity  of  which  hyaline  in  some  corpuscles  becomes,  as  in 
the  present  instance,  where  new  parts  were  forming,  prodigiously  large;  the 
red  colouring  matter  in  proportion  disappearing.  This  capillary  contained  no 
liquor  sanguinis.  The  hyaline,  from  the  nuclei  of  the  blood-cells,  is  the  sub- 
stance which  seems  to  pass  through  the  walls  of  the  capillaries;  and  in  some 
parts  (a)  there  are  seen  what  appear  to  be  nucleal  orifices  for  this  purpose. 
(See  also  S  of  Fig.  49.) 

Globules  of  the  hyaline,  after  escaping  from  the  capillaries,  seem  to  become 
cytoblasts,  in  which  red  colouring  matter  is  again  formed  ;  not  excepting  even 
those  entering  into  the  formation  of  the  pellucid  crystalline.  Several  of  the 
bodies  last  referred  to  are  seen  in  outline  at  /3.  (This  oi"iginally  colourless 
substance,  derived  from  the  nuclei  of  blood-cells,  appears  to  constitute  the  es- 
sential part  of  coagulable  lymph,  to  organise  the  same,  to  serve  for  nutrition, 
and  to  give  origin  to  the  tissues,  &c.  It  seems  to  be  this  same  originally 
colourless  substance,  derived  from  the  nuclei  of  blood-cells,  that  forms  the  ex- 
udation-corpuscles of  authors,  the  filaments  of  false  membrane,  and  the  fila- 
ments in  coagulating  blood  ;  filaments  which,  as  I  have  shewn,  here  and  there 
arise  while  this  substance  is  still  within  the  cells.) 

Fig.  48.  or.,  Outline  of  capillaries  as  seen  at  the  inner  surface  of  the  wall  of 
the  infundibulum  of  the  Fallopian  tube,  in  a  rabbit  killed  5^  hours  post  co't'ium. 
At  the  lower  part  are  epithelium  cells  carrying  cilia.  These  epithelium  cells 
are  arranged  parallel  to  one  another,  and  perpendicular  to  the  general  direc- 
tion of  the  capillaries.  The  small  extremity  of  the  epithelium  cells  is  directed 
towards  the  capillaries  :  whence  their  frill-like  appearance  (in  the  figure),  and 
the  great  extent  of  their  ciliary  surface.  External  diameter  of  the  largest  ves- 
sel al^'"'  100  Diam.  /3,  A  portion  of  the  capillary  plexus  «t,  magnified  £00 
diameters.  These  capillaries  are  in  the  state  of  vital  turgescence  ;  filled  with 
blood-corpuscles  (which  have  become  true  cells),  to  the  exclusion  of  surrounding 
fluid.  Such  is  the  state  of  all  the  capillaries  in  that  region  at  such  time.  Many 
of  the  corpuscles  so  minute  that  their  hyaline  presented  the  appearance  of  a 
dark  point,  y,  Network  formed  by  the  coalescence  of  cells  derived  from  cor- 
puscles of  the  blood ;  which,  like  those  entering  into  the  formation  of  the  cho- 
rion, have  for  this  purpose  sent  out  processes  or  arms.  The  finest  ramifications 
in  arborescent  states  of  the  capillaries,  like  that  at  «,  have  fcometimes  appeared 
to  pass  into  a  network  of  this  kirid. 
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Pig.  49.  Capillaries  in  the  course  of  formation  by  cells  derived  from  cor- 
puscles of  the  blood,  in  the  i-etina  of  a  fcetal  ox  of  18  inches.  These  cells,  while 
still  red  (a),  apply  themselves  together,  so  as  to  form  a  necklace-like  object, 
composed  of  elliptical  beads ;  and  having  coalesced,  and  become  pale  (/3),  and 
the  membranous  partitions  having  disappeared,  they  form  a  tube.  Magnified 
600  diameters.— (Phil.  Trans.  1841,  Plate  XXIL,  fig.  107).  Nucleal  centres  or 
orifices,  forming  communications  apparently  between  the  interior  and  exterior 
of  these  vessels,  are  seen  at  5  in  two  parts. 

Fig.  50,  after  Professor  Goodsir  (Anatomical  and  Pathological  Observations, 
1845,  Plate  I.,  fig.  11).  "  Diagram  of  mucous  membrane  of  jejunum  when  ab- 
sorption is  not  going  on.  a.  Protective  epithelium  of  a  villus,  h  secreting  epi- 
thelium of  a  follicle,  ccc  primary  membi*ane,  with  its  germinal  spots  or  nuclei 
dd,     e.  Germs  of  absorbent  vessels.    /,  Vessels  and  lacteals  of  villus." 

Fig.  51.  From  the  Ox.  Granules  of  the  ovisac  with  their  nucleus.  In  one 
instance  a  single  granule  presents  two  nuclei.  This  granule  measured  tttf^^ 
Paris  line  in  length  —(Phil.  Trans.,  1838,  Plate  VIII.,  fig.  73.)  These  granules 
are  cytoblasts ;  exceedingly  well  seen  in  the  ovisac  :  which  contains  little  of 
any  thing  besides,  in  a  solid  form. — (See  the  four  Plates,  V.,  VI.,  VII.,  VIII., 
in  the  Phil.  Trans,  above  referred  to.) 

Fig.  52.  Part  of  the  ovum  of  the  Common  Leech,  drawn  by  Professor  E.  II. 
"Weber,  of  Leipzig  (Ueber  die  Entwickelung  des  medicinischen  Blutegels,  in 
Meckel's  Archiv,  1828,  Taf.  X.,  fig.  7).     See  page  222  of  this  Journal. 

Fig.  53.  Diagram  to  shew  the  probable  mode  of  origin  of  epithelium  cells. 
(See  p.  224). 

Fig.  54.  From  the  Fallopian  tube  of  the  Rabbit,  a,  /3,  7,  J,  Bodies  which  seem 
to  have  been  the  nuclei,  cytoblasts,  or  cells,  from  a  germinal  membrane  such  as 
that  in  the  diagram,  fig.  53.  (Compare  ^  in  this  figure  with  X.  in  fig.  53). 
J,  Young  epithelium  cells.  (Compare  with  XI.  in  fig.  53).  |,  Fully  formed 
epithelium  cells,  with  their  cilia,  n.  Cells  filled  with  cytoblasts.  They  seem 
to  represent  parent-cells,  giving  origin  to  such  bodies  as  those  at  6,  which  are 
obviously  derived  from  corpuscles  of  the  blood.  /,  Some  of  the  latter  {f),  now 
become  cells  with  processes  or  arms ;  which,  interlacing,  enter  into  the  forma- 
tion of  X,  the  incipient  chorion.— (Phil.  Trans.,  1840,  Plates  XXVIII.,  XXIX.) 


On  the  Precipitation  of  one  Earth  or  Metallic  Oxide  by  another 
from  Saline  Solutions.  By  JoiiN  Davy,  M.D.,  F.R.S., 
London  and  Edinburgh,  Inspector-General  of  Army  Hospi- 
tals.    Communicated  by  the  Author. 

Though  this,  I  believe  to  be  a  subject  very  deserving  of 
inquiry,  as  likely  to  throw  light  on  many  things  in  the  eco- 
nomy of  Nature,  and  to  lead  to  useful  results  applicable  to 
chemical  analysis,  it  appears  hitherto  to  have  received  but 
little  excepting  incidental  attention ;  at  least  I  am  not  ac- 
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quainted  with  any  researches  that  have  been  instituted  ex- 
pressly on  it. 

In  the  communication  I  have  now  the  honour  to  contribute, 
I  shall  do  little  more  than  enter  on  the  inquiry,  having 
neither  the  leisure  nor  means  requisite  to  prosecute  it  far ; 
my  hope  is  that  the  few  results  I  may  be  able  to  bring  for- 
ward, with  their  applications,  may  induce  others  who  are 
more  favourably  situated  to  engage  in  and  extend  the  inves- 
tigation. 

If  lime,  whether  in  the  form  of  hydl'ate  or  carbonate,  be 
added  to  any  salt  of  alumine  in  solution,' the  latter  earth  is 
thrown  down,  and  a  salt  of  lime  formed ;  and,  after  a  certain 
time,  judging  from  the  experiments  I  have  made,-  and  as  is 
reasonable  to  infer  a  'priori^  if  a  sufficiency  of  lime  be  used, 
the  whole  of  the  alumine  will  be  precipitated. 

Magnesia  and  its  carbonate  appear  to  have  the  same  effect 
on  the  salts  of  alumine. 

If  lime  be  added  to  a  salt  of  magnesia,  the  effect  varies 
according  to  the  nature  of  the  salt.  In  the  instance  of  the 
sulphate,  the  lime  separates  the  magnesia, — magnesia  is 
thrown  down  and  sulphate  of  lime  formed.  In  the  instances 
of  the  nitrate  and  muriate  of  magnesia,  no  change  takes 
place.  Nor  is  there  any  change  when  the  carbonate  of  lime 
is  substituted  for  the  hydrate  ;  even  sulphate  of  magnesia, 
and  carbonate  of  lime  remain  unaltered  on  admixture. 

If  lime  be  added  to  a  salt  of  iron  in  solution,  whether  in 
the  state  of  peroxide  or  protoxide,  a  precipitate  is  effected, 
the  oxide  is  separated.  A  similar  effect  as  to  separation 
takes  place,  if  the  carbonate  of  lime  be  used.  In  this  in- 
stance, in  the  case  of  the  protoxide,  a  carbonate  of  iron  is 
formed,  which,  acted  on  by  atmospheric  air,  is  rapidly  decom- 
posed, carbonic  acid  gas  escaping,  and  hydrated  peroxide  of 
iron  appearing. 

Magnesia  and  the  carbonate  of  magnesia  appear  to  have 
a  like  effect  on  the  salts  of  iron ;  and  alumine  likewise  ap- 
pears to  have  the  same  effect. 

If  lime  be  added  to  a  solution  of  phosphate  of  lime  in  the 
nitric,  muriatic,  or  acetic  acid,  the  phosphate  of  lime  is  pre- 
cipitated, as  the  acid,  the  solvent,  is  neutralised.     When 
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carbonate  of  lime  is  used,  the  result  is  modified  according  to 
the  strength  of  the  acid  in  which  the  phosphate  of  lime  is 
dissolved.  If  it  be  very  dilute,  as  when  distilled  vinegar  is 
employed,  and  calcspar  in  fragments  be  introduced,  so  as  to 
occasion  a  slow  generation  of  carbonic  acid,  then  little  or  no 
phosphate  of  lime  will  be  precipitated ;  it  will  be  kept  in  so- 
lution by  the  carbonic  acid,  and  so  long  as  the  carbonic  acid 
be  retained  ;  but  will  be  thrown  down  as  soon  as  the  gas 
escapes,  slowly  and  in  part,  for  example,  on  exposure  to  the 
air, — rapidly  and  entirely  on  the  application  of  heat,  so  as 
to  expel  the  whole  of  the  gas  by  ebullition. 

The  effect  of  magnesia,  and  of  carbonate  of  magnesia,  or 
phosphate  of  lime  in  solution  is  analogous. 

The  introducing  phosphate  of  lime  thus,  when  treating  of 
earths,  is  not,  I  admit,  perfectly  exact ;  I  have  been  induced 
to  mention  it,  from  certain  resemblances  which  it  bears  to 
the  earths  in  its  properties,  and  from  the  important  part  it 
performs  in  organic  nature, — a  part  depending  on  qualities 
differing  but  little  from  those  of  the  earths. 

Few  and  simple  as  these  experiments  are,  the  inferences 
from  them  and  their  applications  are  not  without  interest. 
If  we  consider  what  has  been  stated  of  alumine,  how  it  is  pre- 
cipitated by  lime  and  magnesia  and  their  carbonates,  ought 
we  to  expect  to  find  it  in  solution  in  the  waters  of  the  ocean, 
or  in  any  waters  coming  in  contact  with  calcareous  or  mag- 
nesian  rocks  ?  Experience  proves  that  we  do  not ;  alumine 
has  never  been  detected  in  sea-water,  or  in  any  water  ex- 
posed to  the  action  of  the  earths  mentioned.  I  may  add,  the 
circumstance  that  alumine  has  not  the  property  of  combin- 
ing with  and  being  rendered  soluble  by  carbonic  acid,  seems 
to  be  wisely  designed,  in  conjunction  with  the  manner  in 
which  it  is  precipitated  from  its  saline  solutions,  and  in  con- 
junction with  its  peculiar  quality  of  retaining  moisture  and 
arresting  water  in  its  course ;  properties  which  render  it  fit 
specially  for  forming  the  basis  of  soils,  and  for  entering  into 
the  fissures  of  rocks,  and  by  closing  them,  giving  origin  to 
springs. 

If  we  consider  also  what  has  been  mentioned  of  the  oxide 
of  iron,  as  precipitated  by  the  earths,  and  its  relation  to  cap- 
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bonic  acid  ;  does  it  not  equally  account  for  the  absence  of 
this  substance  in  the  waters  of  the  sea,  and  in  all  waters  ex- 
posed to  the  au',  running  over  or  resting  on  calcareous,  mag- 
nesian,  or  aluminous  rocks  \  Owing  to  the  readiness  with 
which  it  is  thrown  down  from  its  saline  solutions,  it  is  easy 
to  comprehend  its  being  collected  in  nodules  and  layers,  and 
abundantly  associated,  as  it  so  often  is,  with  earths  fitted, 
when  it  is  taken  to  be  applied  to  the  use  of  man,  to  serve  as 
a  flux  in  the  fusion  and  reduction  of  its  ores.  Owing  to  the 
same  circumstance,  viz.,  the  facility  with  which  it  is  precipi- 
tated ;  whether  by  the  action  of  lime,  or  magnesia,  or  alu- 
mine,  separating  it  from  an  acid,  or  simply  by  the  absorption 
of  oxygen,  and  the  conversion  of  the  protoxide  into  the  per- 
oxide, and  the  disengagement  of  carbonic  acid  ;  it  is  not  diffi- 
cult for  us  to  understand  how  this  oxide,  the  peroxide,  is  the 
colouring  matter  almost  universally  of  the  earth's  surface, 
imparting  various  tints  of  brown  and  yellow,  admirably  har- 
monizing with  the  colouring  derived  from  plants,  whether  in 
its  greatest  purity,  as  on  the  surface  of  limestone  rock,  itself 
Avhite,  giving  tints  rivalling  almost  the  hue  and  richness  of 
gold,  such  as  we  see  in  the  sea-cliifs  and  mountain  precipices 
of  calcareous  countries,  especially  of  Greece ;  or,  in  less 
purity  mixed  with  diiFerent  proportions  of  vegetable  matter 
in  a  state  of  decay,  giving  to  the  soil  a  soberer  and  more  suit- 
able hue  for  an  expanded  surface  in  almost  endless  variety 
of  shades  of  red  and  brown. 

What  has  been  stated  of  phosphate  of  lime  seems  very  de- 
serving of  consideration,  in  connection  with  vegetable  an^ 
perhaps  animal  physiology.  Does  not  the  precipitation  of 
this  phosphate,  in  the  manner  mentioned,  from  acids,  tend  to 
preserve  a  store  of  it  on  our  lands .?  Were  it  otherwise,  would 
not  the  greater  part  of  it  soon  be  washed  into  the  ocean,  and 
be  lost  to  man^  And  then  its  solubility  in  water  impreg- 
nated with  a  gaseous  acid — ^the  carbonic — always  tending  to 
pass  off  into  the  atmosphere,  affords  great  facility  to  its  being 
conveyed  from  the  soil,  and  deposited  where  required  in  the 
structure  of  plants  during  their  process  of  growth. 

I  have  adverted  to  the  solubility  of  phosphate  of  lime  by 
the  acetic  acid,  and  even  when  this  acid  is  much  diluted,  as 
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in  the  instance  of  distilled  vinegar.  From  some  descriptions 
we  have  even  in  the  works  of  respectable  authors  of  the  me- 
thods of  examining  soils,  and  of  detecting  this  compound, 
this  quality  of  the  solubility  of  phosphate  of  lime  in  acetic 
acid,  might  be  supposed  not  to  exist.  Thus,  in  an  able  work 
on  Agricultural  Chemistry,  it  is  stated,  under  the  head  of  de- 
tecting phosphate  of  lime  in  soils,  that  if  the  precipitate  by 
ammonia  obtained  from  a  solution  after  the  action  of  muria- 
tic acid  on  a  sample  of  soil,  is  not  entirely  dissolved  by  ace- 
tic acid  or  vinegar,  the  presence  of  phosphate  of  lime  is  in- 
dicated.* Now,  this  surely  is  an  error,  as  phosphate  of  lime 
is  soluble  in  acetic  acid  and  in  vinegar.  This  is  so  familiarly 
known  that  it  hardly  requires  to  be  illustrated.  It  may  not, 
however,  be  amiss  to  mention  one  or  two  results  I  have  ob- 
tained. If  phosphate  of  lime  be  digested  in  distilled  vinegar, 
and  the  filtered  solution  be  evaporated,  the  phosphate  I  find 
is  recovered,  as  might  be  expected,  unaltered,  excepting  in 
form.  If  the  evaporation  be  carried  on  rather  rapidly,  the 
phosphate  will  be  obtained  in  minute,  thin,  irregular  plates 
possessing  a  good  deal  of  lustre,  and  shewing  a  tendency  to 
crystallization.  If  the  process  be  carried  on  slowly,  and  with 
care,  then  the  phosphate  will  be  procured  in  the  form  of 
prisms,  some  of  them  distinctly  hexahedral. 

In  commencing  these  observations,  I  expressed  the  belief 
that  the  precipitation  of  one  earth  by  another,  might  be  ap- 
plicable not  only  to  explain  certain  effects  in  Nature,  some 
of  which  I  have  alluded  to,  but  might  also  be  made  useful  in 
chemical  analysis.  At  present  it  would  be  premature  to 
dwell  on  this  part  of  the  subject ;  I  may  hereafter  recur  to 
it.  As  an  example  I  may  notice  the  precipitation  of  alu- 
mine  by  lime  and  carbonate  of  lime,  the  non-precipitation  of 
magnesia  by  these,  excepting  when  in  solution  by  means  of  sul- 
phuric acid,  and  the  precipitation  of  phosphate  of  lime  by  lime, 


*  Lectures  on  Agricultural  Chemistry,  by  J.  F.  W.  Johnston,  P.R.S.     Edi- 
tion of  1844,  p.  552. 
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but  not  by  the  carbonate,  when  so  used,  that  the  dilute  solu- 
tion, as  in  the  instance  of  distilled  vinegar,  is  capable  of  retain- 
ing sufficient  carbonic  acid  to  preserve  the  phosphate  in  a 
state  of  solution. 

In  conclusion,  I  would  observe  that,  as  the  earths  are  so 
widely  diffused,  constituting,  with  oxide  of  iron,  the  greater 
portion  of  the  superficies  of  our  globe,  inquiries  into  their 
chemical  action  on  each  other  can  hardly  be  too  minute  or 
extended,  feeling  persuaded,  as  I  do,  that,  if  zealously  prose- 
cuted, these  will  not  fail  to  throw  light  on  many  phenomena 
at  present  obscure,  and  to  make  us  acquainted  with  the 
causes  of  series  of  changes  in  geology,  as  to  which  at  present 
we  have  little  more  than  conjecture. 

Barbadoes,  March  22,  1847. 


On  the  Origin  of  Contiiteiits.     By  James  D.  Dana.* 

In  a  paper  on  the  Volcanoes  of  the  Moon,  read  before  the 
Association  of  Geologists  and  Naturalists,  in  September  last,t 
some  suggestions  were  thrown  out  with  regard  to  the  Origin 
of  Continents,  drawn  from  the  condition  of  a  cooling  globe. 
It  was  observed  that  the  portions  of  the  earth  now  consti- 
tuting the  great  areas  of  land,  were  free,  or  nearly  so,  from 
volcanic  action,  even  in  the  Silurian  period :  while  the  oceans 
appear  to  have  been  regions  of  eruption.  Hence  it  was  in- 
ferred that  contraction  must  have  taken  place  to  the  greatest 
extent  over  the  parts  now  oceanic,  just  as  any  cooling  sphere 
becomes  depressed  on  the  side  which  cools  last.  This  was 
shewn  to  correspond  with  the  actual  history  of  our  globe, 
inasmuch  as  an  increasing  depth  in  the  ocean  cavity  would 
necessarily  leave  more  and  more  land  above  water  in  suc- 
cessive epochs,  as  accords  wdth  observations.  It  was  ob- 
served that  the  hypothesis  was  farther  borne  out  by  facts  : 
for  while  it  appears  that  the  land  has,  on  the  whole,  been 
increasing  in  extent,  even  through  the  tertiary  era  and  sub- 

*  Extracted  from  the  American  Journal  of  Science,  vol.  ni.,  second  series, 
t  See  Amer.  Journal  of  Science,  vol.  ii.,  second  series,  352,  and  also  page  10 
of  this,  the  43d  volume  of  the  Edinburgh  New  Philosophical  Journal. 
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sequent  to  it,  the  ocean's  bottom  has  actually  subsided  several 
thousand  feet  within  a  late  period,  as  shewn  by  the  coral 
islands  scattered  over  the  wide  Pacific* 

By  reference,  therefore,  to  the  principle  of  unequal  con- 
traction, and  to  those  subordinate  causes  of  change  of  level 
usually  appealed  to  by  Geologists  (though  treated  of  com- 
monly as  primary  in  importance),  we  may  obtain  a  general 
view  of  the  origin  of  the  earth's  features.  I  propose  at  this 
time  to  offer  a  few  remarks  in  illustration  of  this  subject, 
derived  from  the  features  of  our  own  continent,  reserving  a 
fuller  discussion  for  another  occasion. t 

The  effects  of  contraction  as  a  geological  cause,  though 
long  admitted,  have  been  first  brought  out  in  their  various 
bearings  by  M.  Constant  Prevost,  before  the  Geological  So- 
ciety of  France. J     The  facts  adduced  substantiate  his  views, 


*  If  we  consider  that  two  hundred  islands  have  subsided  in  the  Pacific,  which 
had  there  been  no  corals,  would  have  disappeared  without  a  record,  we  perceive 
that  the  comparative  absence  of  islands  from  the  Atlantic,  whose  waters  are,  to 
a  large  extent,  too  cold  for  corals,  proves  nothing  against  the  hypothesis.  On 
the  contrary,  so  large  a  bare  surface  of  waters  is  probable  evidence  of  the  dis- 
appearance of  some  points  of  land  by  submergence.  All  existing  Atlantic 
islands  are  of  igneous  origin  except  the  Falklands,  to  the  east  of  Tierra  del 
Fuego. 

t  We  may  here  mention  one  or  two  facts  in  corroboration  of  the  general 
theory,  that  the  more  igneous  portions  of  the  globe  have  contracted  most  and 
thereby  became  submerged.  For  example  we  find  the  continent  of  America 
reduced  to  a  narrow  strip  of  land,  just  where  the  great  American  tract  is 
crossed  from  east  to  west  by  a  region  of  igneous  action,  not  yet  entirely  ex- 
tinct ;  that  is,  about  the  West  Indies  and  the  adjoining  isthmus.  This  region 
became  thus  depressed  and  submerged,  in  consequence  of  greater  contraction 
below ;  and  hence  North  and  South  America  are  nearly  disjoined  by  a  broad 
arm  of  the  ocean.  This  single  instance  is  the  only  one,  through  the  continent 
of  America,  of  volcanic  eruptions  east  of  the  great  western  chain  of  mountains. 

Again,  the  East  Indies,  another  region  of  perpetual  fires,  in  the  earth's  his- 
tory, constitute  a  cluster  of  islands  separating  from  Asia  the  large  non-volcanic 
New  Holland,  properly  a  part  of  a  soutli-eastern  extension  of  the  continent. 
Moreover,  we  may  account  for  the  fact  that  this  Archipelago  has  not  farther 
subsided,  so  as  to  become  a  deep  ocean  with  few  islands,  on  the  ground  that 
extensive  areas  of  land,  without  fires,  exist  in  the  midst  of  the  group,  Borneo 
being  one  example,  equalling  in  extent  half  the  United  States,  east  of  the 
Mississippi.  The  Indian  Ocean,  at  the  same  time,  bears  evidence,  in  its  coral 
islands  of  a  much  more  extensive  subsidence. 

*  See  American  Journal  of  Science,  vol.  ii.,  scr.  ii.,  p.  355.   While  thus  men- 
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though,  as  we  believe  with  some  limitations.  They  lead  us 
farther  to  connect  the  various  phenomena,  and  tell  why  the 
ocean  and  land  have  their  present  bounds. 

In  order  to  understand  the  bearing  of  the  facts,  we  should 
bring  to  mind  the  effects  of  contraction.  The  more  promi- 
nent are  as  follows  : — 

1.  Depressions,  provided  the  contraction  be  unequal  in 
different  parts. 

2.  Apparent  elevations,  as  a  consequence  of  the  depres- 
sions ;  that  is,  elevations  as  compared  with  the  lowest  level, 
or  with  a  body  of  water  occupying  the  depressions. 

3.  Fissures. 

4.  Ejection  of  igneous  matter,  at  times,  through  fissures. 

5.  Upheaval  along  a  line  of  fissure,  the  surface  adjoining 
being  more  or  less  raised. 

6.  Upliftings  and  foldings  from  lateral  pressure. — An  arc 
of  the  exterior  surface  being  greater  than  any  corresponding 
arc  below  the  surface,  a  depression  of  the  hardened  exterior, 
produced  by  the  cooling  beneath,  would  in  some  instances 
cause  lateral  displacements. 

7.  An  unequal  rate  of  subsidence  over  given  areas  in 
different  periods. — Contraction  tends  to  occasion  a  strain 
upon  the  cooled  and  unyielding  exterior,  accompanied  gener- 
ally by  a  consequent  diminished  rate  of  subsidence,  or  a  ces- 
sation of  it.  This  strain  increases  till  it  results  in  fractures ; 
and  following  this  crisis,  subsidence  would  for  a  while  be 
more  rapid  in  rate.  The  strain,  or  state  of  tension,  might 
also  occasion  elevations  in  some  places,  within  or  without 


tioning  the  name  of  M.  C.  Prevost,  we  should  reraemher  that  the  theory  of  con- 
traction, as  a  cause  of  the  earth's  features,  dates  as  far  back  as  Leibnitz,  many 
of  whose  speculations  in  science  are  proving  to  be  as  well  founded  as  the  rigid 
results  of  his  mathematics.  And  among  the  geologists  of  the  present  day,  De  la 
Beche  especially  has  insisted  upon  this  agency  as  the  general  cause  of  the  uneven- 
ness  of  the  earth's  surface,  though  he  stops  by  stating  some  of  the  grand  results, 
without  allowing  them  their  full  influence  as  laid  down  by  Prevost.  Mr  Lyell, 
in  his  Travels  in  N<yrth  America,  has  made  a  partial  application  of  the  principle 
to  the  Appalachians. 

The  writer  does  not  claim  to  have  presented  any  new  principle,  except  it  may 
be  the  special  cause  assigned  for  the  oceanic  depressions;  and  whether  this 
holds  true,  remains  for  the  future  to  determine. 
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the  area ;  and  at  the  time  of  Assuring,  there  might  be  other 
upheavals.     It  follows,  hence,  that — 

a.  There  would  be  prolonged  intermissions  in  the  subsi- 
dence of  given  areas  ;  and  this  must  have  been  the  fact 
throughout  the  history  of  the  globe. 

6.  There  must  have  been  oscillations  in  the  land  as  com- 
pared with  a  water  level,  the  water  at  times  rising  gradually 
over  land  that,  during  a  previous  period,  had  emerged  ;  and 
the  reverse. 

c.  There  might  be  in  the  same  epoch,  under  such  circum- 
stances, an  unequal  retreat  of  the  ocean  from  the  coasts  of 
different  continents,  or  a  rise  in  one  place  and  a  retreat  in 
others ;  for  the  changes  by  contraction  are  supposed  to  have 
been  everywhere  in  progress  at  the  same  time,  and  through- 
out different  in  character  and  extent. 

d.  Changes  of  level  may  in  some  cases  have  been  gradual^ 
and  in  other  cases  paroxysmal ;  for  the  opening  of  large 
fissures  would  often  be  of  the  latter  character. 

8.  In  an  elliptical  area  of  contraction,  there  will  be  two 
systems  of  fissures  at  right  angles  with  one  another,  as  fol- 
lows from  the  calculations  of  William  Hopkins,  Esq.*  But 
if  the  area  is  bounded  on  one  side  by  a  region  participating 
but  little  in  the  contraction,  the  efi*ects  would  be  most  de- 
cided on  the  borders  of  such  a  region ;  and  they  would  con- 
sist in  extensive  fissures  ranging  along  the  area,  and  an 
attending  swelling  of  the  surface,  or  else  a  rising  of  the 
strata  into  folds  by  lateral  pressure.t 


*  Trans.  Camb.  Phil.  Soc,  vii.,  22. 

t  With  regard  to  the  folding  of  strata  by  lateral  pressure,  the  theory  was 
first  presented  by  Sir  James  llall,  (Trans.  Roy.  Soc.  Edinb.,  vii.,  85,)  and  the 
injection  of  granite,  coupled  with  the  elevation  of  the  land,  was  suggested  by 
him  as  a  probable  source  of  the  pressure  in  the  instances  he  mentions.  Scrope, 
reasoning  on  this  subject,  says,  in  his  work  on  volcanoes,  published  in  1825, 
"  There  is  reason  to  conclude  that  in  most  instances,  the  raised  strata,  par- 
ticularly those  which  were  only  partially  indurated,  have  been  contorted  and 
bent  into  repeated  foldings,  so  as  to  give  the  appearance  of  frequent  alterna- 
tions of  different  series  of  strata  to  what  is  in  reality  but  the  replication  of 
the  same  original  series." — P.  201.  De  la  Beche  applies  the  theory  to  the 
structure  of  the  Alps,  (Geol.  Researches,  129,)  the  possibility  of  which  applica- 
tion was  suggested  by  Sir  James  Hall. 

Authors  have  generally  followed  Sir  James  Hall  in  considering  that  besides 
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The  effects  of  lateral  pressure  might  in  many  parts  be 
local  or  of  very  limited  extent.  A  contracting  area  might  be 
made  up  of  several  separate  areas  of  contraction  not  acting 
together  upon  any  particular  line.  Even  supposing  a  whole 
quarter  of  our  globe  to  exert  laterally  all  the  force  possible, 
by  a  uniform  contraction  continued  till  the  surface  was  de- 
pressed eight  miles  in  depth,  the  whole  effect  would  be  equi- 
valent to  a  lateral  dislocation  of  only  twelve  miles.  And  in 
this  calculation,  we  make  no  allowance  for  upliftings  over 
the  contracting  area,  which  would  diminish  the  action ;  nor 
for  a  diminution  of  breadth  in  the  surface  of  the  area,  which 
diminution  must  be  going  on  if  the  surface  is  losing  heat. 
In  the  remarks  w^hich  follow  relating  to  this  point,  America, 
therefore,  is  not  instanced  as  an  example  of  what  mnst  every- 
where have  happened,  but  of  what  has  here  happened. 

The  foregoing  are  the  obvious  effects  of  contraction.  A 
Prince  Rupert's  drop  (a  drop  of  unannealed  glass)  may  be 
referred  to  for  farther  illustration.  The  exterior,  owing  to 
its  cooling  first,  is  under  strong  tension,  and  each  particle 
(or  section)  in  the  surface,  presses  laterally  upon  its  neigh- 
bour like  a  stone  of  an  arch  upon  the  one  adjoining ;  and 
hence  the  effect  of  a  simple  scratch  in  causing  it  to  break  to 
pieces,  explosively.  The  earth,  had  it  cooled  uniformly  over 
the  whole  exterior  (and  were  it  made  of  a  uniform  homoge- 
neous material),  would  have  been  in  the  same  circumstances, 
the  whole  crust  being  under  immense  tension,  yet  every- 
where balanced,  and  therefore  not  apparent ;  but  cooling  un- 
equally, the  same  actual  amount  of  force  has  been  exerted, 
yet  at  different  periods,  producing,  in  different  parts  and  in 
different  periods,  fractures,  depressions,  and  upliftings. 

We  comprehend  the  effects  described  more  clearly  if  we 
remember,  as  we  ought,  the  common  statement,  that  the 
highest  mountains  of  the  earth  are  about  equal  in  compara- 


the  lateral  pressure,  pressure  from  above  is  essential  to  this  result.  But  since 
the  soft  strata  are  inelastic,  and  moreover,  in  themselves  are  of  vast  weight,  vfe 
may  conclude  that  there  is  sufficient  vertical  pressure  independent  of  any 
foreign  source.  A  small  hand  model  appears  to  be  as  suggestive  of  error  in  this 
case,  as  a  child's  model  of  a  bridge  to  the  inexperienced  bridge  builder. 
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tive  altitude  to  the  thickness  of  the  cracked  varnish  on  a 
twelve  inch  globe. 

We  remark,  again,  that  we  exclude  none  of  those  causes 
of  elevation  usually  recognised,  which  facts  shew  to  have 
been  in  operation,  though  allowing  them  only  a  subordinate 
place. 

From  these  explanations  we  proceed  to  the  application  of 
them. 

If  the  reft.der  will  place  before  him  a  good  map  of  North 
America,  he  will  perceive  at  once  the  effects  which  have  been 
alluded  to  exhibited  on  a  grand  scale,  on  both  sides  of  the 
continent.  On  the  4tlantic  side,  the  Appalachians,  from 
Maine  to  Georgia,  consist  of  rock  strata,  which  have  been 
variously  folded  up  into  ridges,  as  has  been  made  out  with 
great  beauty  and  fulness  by  Professors  W.  B.  and  H.  D. 
Rogers.*  These  folds  are  in  several  series,  but  are  nearly 
uniform  or  parallel  in  position.  As  should  be  expected  from 
the  nature  of  the  cause,  the  plications  are  more  frequent  and 
abrupt  on  the  side  of  the  chain  nearest  the  ocean,  and  gra- 
dually die  out  westward  just  beyond  the  limits  of  the  Appa- 
lachians. As  another  result  of  proximity  to  the  contracting 
area,  the  rocks  on  the  eastern  side  have  been  most  altered 
by  fire.  To  so  great  a  degree  has  the  heat  operated,  (which 
escaped  by  the  opened  cavities  and  fissures,  and  was  distri- 
buted laterally  by  the  aid  of  the  contained  and  incumbent 
waters,)  that  it  is  difficult  in  New  England  to  distinguish  the 
true  igneous  rocks  from  those  that  are  metamorphic. 

On  the  Pacific  side  of  the  continent,  we  observe  the  Rocky 
Mountain  range  rising  with  a  gentle  swell  from  the  coast. 
From  the  mouth  of  the  Kansas  to  the  top,  and  on  the  opposite 
or  western  side,  the  average  slope  is  hardly  twelve  feet  to 
the  mile.t     The  summit  is  about  eight  thousand  feet  high. 

*  Trans,  of  the  Assoc,  of  Amer.  Geol.  and  Nat.,  1840,  1842,  p.  474,  and 
Amer.  Jour,  of  Science,  xliii.,  177  j  xliv.,  359. 

t  See  the  section  of  the  region  between  the  mouth  of  the  Kansas  and  Fort 
Vancouver,  by  Captain  Fremont,  in  the  Report  of  the  Exploring  Expedition  to 
the  Hooky  Mountains  in  1842,  and  to  Oregon  and  North  California  in  1843, 
1844.     Printed  by  order  of  the  Senate  of  the  United  States,  Washington,  1845. 
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But  there  are  ridges  which  add  five  or  six  thousand  feet  to 
the  chain  :  these  form  a  crest  to  parts  of  the  range,  but  are 
not  properly  the  range  itself,  though  often  so  recognised. 
The  Rocky  Mountains  appear,  then,  to  he  another  effect  of 
contraction,  viz.  a  gradual  swelling  of  the  surface,  accom- 
panied by  fissures  and  dislocations  over  its  area.    These  dis- 
locations are  very  marked  in  the  sandstone,  just  east  of  the 
summit.     Thus  each  great  oceanic  depression,  the  Atlantic 
and  Pacific,  has  its  border  range  of  heights  thrown  up  by  the 
very  contraction  which  occasioned  the  depression ;  and  be- 
tween lies  a  vast  plain,  scarcely  affected  at  all  by  these 
changes,  the  great  central  area  of  the  continent.     This  view 
is  farther  sustained  by  finding  that  the  efi^ects  of  fire  are 
most  apparent  on  the  ocean  side  of  the  mountains,  precisely 
as  about  the  Appalachians,  yet  to  a  more  remarkable  extent.* 
Indeed,  there  are  no  remains  of  volcanoes,  or  their  ejections, 
to  the  east  of  the  summit ;  while  to  the  west,  the  country  of 
Oregon  is  in  many  parts  buried  beneath  basaltic  or  other 
volcanic  rocks,  and  several  existing  volcanic  cones  have  been 
described.     Still  farther,  we  observe  a  second,  a  third,  and 
even  a  fourth,  parallel  range  of  heights  from  the  summit  of 
the  mountains  to  the  coast ;  and  the  third  (the   Cascade 
range)  rivals  the  Rocky  Mountains  in  the  height  of  some  of 
its  snowy  peaks.     Vast  fissures  were  opened  to  the  fires  be- 
low, as  these  ranges  indicate,  and  some  of  the  vents  have  not 


*  The  same  is  the  general  character  of  the  Andes.  In  an  account  of  the 
geology  of  Chile,  M.  I.  Domeyko  says,  speaking  of  the  Andes  in  the  latitude  of 
Copiapo,  "  En  regardant  du  cote  de  I'Ouest,  on  voit  un  bouleversement  complet 
dans  le  terrain  souleve  :  des  failles  et  dechirements,  des  escarpments  a  pic,  des 
stratifications  contourne^s  et  interrompues.  En  portant  onsuite  la  vue  du  cote 
de  I'est,  on  voit  des  pentes  douces,  des  bancs  de  rochers  presque  horizontaux  et 
rarement  interrompus. 

"  Tout  announce  que  le  principal  raouvement  qui  survint  a  I'epoquc  de  la 
formation  des  Andes  arriva  du  cote  de  V Quest,  c'est-a-dire  du  cote  ou  une  ligne 
d'escarpments  qui  marquent  le  rivage  actuel  de  I'Ocean  depuis  le  Cap  Horn 
jusqu'  aux  Montagues  Ilocheuses,  continue  a  se  soulever  d'une  maniere  lente  et 
a  peine  perceptible,  au  mugissement  de  bruits  souterrains  et  sous  I'influence  des 
tremblements  de  lerre  repet^s," — Annates  des  Mines,  iv.  ser.,  ix.,  413,  2nd.  liv. 
1846, 
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yet  ceased  action.*  Here,  then,  are  the  natural  effects  of 
proximity  to  a  region  of  contraction — the  Pacific — in  which 
the  remains  of  igneous  action  everywhere  abound. 

It  has  been  well  established  that  the  Appalachian  folds  or 
plications  were  made  since  the  coal  period,  for  the  coal  beds 
are  enclosed  in  the  folds ;  \  and  the  rising  of  the  Rocky  chain 
was  also  subsequent  to  that  era.  The  effect  of  contraction 
in  producing  these  elevations,  was  therefore  comparatively 
little  felt  in  the  very  earliest  ages,  when  the  surface  of  the 
depressed  (or  igneous)  portion  was  itself  somewhat  yielding, 
but  subsequently,  when  it  had  become  stiffened  to  a  con- 
siderable depth  by  cooling.  There  appears  hence  to  be  a  per- 
fect harmony  between  the  results  and  the  causes  adduced. 

If  these  conclusions  are  correct,  we  must  give  up  the  po- 
pular idea  (at  least  as  a  general  theory)  of  the  elevation  of 
mountains  by  a  force  below  causing  at  the  time  an  irruption 
of  igneous  matter ;  for  the  irruption  is  in  general  an  effect 
of  a  very  different  action,  as  has  been  urged  by  Prevost.  This 
may  be  as  true  of  the  Urals,  as  of  the  Rocky  Mountains  and 
Andes. 

Even  the  trap-dykes  of  New  England  and  New  Jersey, 
whose  general  course  corresponds  with  that  of  the  Appala- 
chians, may  be  a  result  of  the  contraction  in  progress  subse- 
quent to  the  coal  era.  The  dip  of  the  new  red  sandstone 
accompanying  them  is  probably  another  effect.  The  Ozark 
Mountains,  forming  a  line  parallel  with  the  Appalachians, 
beyond  the  Mississippi,  may  be  referred  to  the  same  system 
of  changes. 

The  economical  advantages  belonging  to  the  features  of 
North  America  that  have  thus  originated,  are  most  remark- 
able, and  this  view  of  their  origin  gives  them  increased  in- 
terest. The  Silurian  rocks  indicate  that  before  the  coal 
period  the  region  was  comparatively  level,  and  lay  mostly 
beneath  the  sea.     As  it  emerged  it  was  still  dripping  with 

*  Granites  may  have  been  the  earlier  products ;  but  the  existing  volcanic 
mountains  have  basalts  and  trachytes  for  their  surface  rocks. 

t  W.  B.  and  U.  D.  Kogers,  Trans.  Assoc.  Amer.  Geol.  and  Nat.,  1840-1842, 
p.  522. 
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water,  so  that,  under  a  climate  peculiarly  genial,  coal  vege- 
tation might  have  grown  luxuriantly.  But  had  it  continued 
thus  flat  to  a  later  period,  it  would  have  had  but  small 
streams,  and  probably,  for  want  of  a  mountain  barrier  to  in- 
tercept the  drying  Pacific  winds,  the  desert  regions  of  the 
west  would  have  traversed  the  land,  as  Sahara  has  spread 
over  Africa.  As  if  to  prevent  these  results,  and  give  a  vast- 
ness  scarcely  equalled  to  its  resources,  the  land  was  raised 
into  mountains  on  either  coast,  those  of  the  west,  where  the 
barrier  was  most  needed,  ascending  even  to  the  regions  of 
perpetual  snows.  The  whole  interior  is  now  inclosed  by  the 
Rocky  Mountains  on  the  one  side  and  the  Appalachians  on 
the  other,  and  a  thousand  streams  are  set  in  motion  over  the 
wide  land  from  either  bound,  all  to  contribute  to  a  common 
trunk,  the  great  highway  of  the  country.  Thus  the  largest 
possible  extent  of  intercommunicating  inland  waters  has 
been  secured  ;  and  for  the  same  reason  a  great  part  have 
been  made  to  flow  so  nearly  on  a  plain  as  to  afford  naviga- 
tion almost  from  one  end  of  the  territory  to  the  other,  and 
extend  their  fertilizing  influence  over  the  whole  surface.  A 
similar  result  has  been  produced  on  the  narrow  ocean  side  of 
the  main  chains  by  the  succession  of  parallel  coast  ranges  ; 
for  the  waters  have  been  compelled  to  flow  far  north  and 
south  between  these  ranges,  and  fertilize  an  extended  country 
before  the  sea  was  reached.  Thus  the  noble  Columbia,  with 
its  wide  spread  tributaries,  was  made  for  Oregon  ;  and  in  the 
same  manner  were  formed  the  Willammet,  the  Sacramento, 
and  the  Joachim,  which  run  in  long  courses  between  the 
Cascade  and  Coast  ranges  of  heights.  Thus  on  the  Atlantic 
side,  we  have  the  Shenandoah  and  other  head  waters  to  the 
Potomac,  and  at  the  north,  a  Hudson,  Conecticut  and  Merri- 
mack flowing  in  parallel  lines. 

Note. — In  connection  with  this  article,  it  should  have  been 
earlier  mentioned  that  the  theory  of  "  secular  refrigeration" 
has  been  presented  with  much  force,  in  many  points  of  view, 
by  W.  W.  Mather,  in  the  American  Journal  of  Science, 
vol.  xlix.,  p.  284  (1845),  and  the  foldings  of  the  Appalachians 
are  attributed  by  him  to  this  cause. 
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On  Sulphato- Chloride  of  Copper,  a  new  Mineral.  By  ARTHUR 
CONNELL,  Esq.,  Professor  of  Chemistry  in  the  University 
of  St  Andrews.*     Communicated  by  the  Author. 

Some  minerals  were  lately  put  into  my  hands  by  Mr 
Brooke  for  chemical  examination.  Amongst  these  was  one 
which,  on  examination,  I  found  to  be  a  new  combination,  viz., 
a  sulphato-chloride  of  copper. 

This  mineral  occurs  in  small  but  very  beautiful  fibrous 
crystals  of  a  fine  blue  colour,  which  is  pale  when  the  fibres 
are  delicate,  but  much  deeper  when  they  become  somewhat 
thicker.  Their  form,  Mr  Brooke  informs  me,  is  a  hexagonal 
prism  with  the  edges  replaced,  thus  belonging  to  the  rhom- 
bohedral  system.  They  possess  considerable  translucency, 
and  have  a  vitreous  lustre.  The  crystals  are  too  small,  and 
the  quantity  of  them  at  my  command  too  inconsiderable,  to 
enable  me  to  state  their  specific  gravity,  hardness,  or  frac- 
ture. Their  locality  is  Cornwall ;  but  I  do  not  know  what 
part  of  that  county.  Mr  Brooke  is  aware  of  the  existence 
of  only  a  very  few  specimens  of  the  mineral.  One  is  in  the 
British  Museum. 

Like  Atacamite,  this  mineral  colours  the  blow-pipe  flame 
as  well  as  the  simple  flame  of  a  candle,  a  fine  greenish  blue, 
indicating  the  presence  of  chloride  of  copper.  Reduced  to 
powder,  and  mixed,  in  sufficient  quantity,  with  charcoal 
powder,  and  then  heated  in  the  close  tube,  it  gives  decided, 
although  not  strongly  marked,  indications  of  the  presence  of 
sulphuric  acid  by  the  smell,  and  partial  bleaching  of  brazil- 
wood paper,  the  remainder  of  the  paper  being  reddened, 
doubtless  by  muriatic  vapours.  Alone,  in  the  close  tube,  it 
yields  a  little  water,  and  other  appearances  resembling  those 
afforded  by  Atacamite.  Heated  alone  on  charcoal  before  the 
blow-pipe,  it  decrepitates  strongly,  but  when  previously  de- 
prived of  the  greater  part  of  its  water  by  gentle  heat,  and 
then  powdered,  and  moistened,  and  heated  on  charcoal,  it 


*  Read  to  the  Chemicid  3ectloii  of  the  British  Association  at  Oxford,  in  June 
1847. 
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gives  no  traces  of  arsenic,  although  arseniate  of  copper  m 
associated  with  it  in  the  specimens.  The  residue  is  a  dark 
reddish  slag  or  globule. 

The  crystals  are  not  soluble  in  boiling- water,  but  dissolve 
entirely,  and  pretty  readily,  in  nitric  or  muriatic  acid,  espe- 
cially by  the  aid  of  gentle  heat.  The  solutions  have  the 
colour  belonging  to  copper  solutions,  and  in  the  act  of  dis- 
solving, a  very  few  bubbles  of  gas  may  be  observed  to  arise, 
indicating  probably  the  presence  of  a  minute  quantity  of  car- 
bonate. The  solutions  yield,  with  barytic  salts,  a  white  pre- 
cipitate insoluble  in  acids ;  and  the  nitric  solution  gives,  with 
nitrate  of  silver,  a  white  and  curdy  precipitate,  insoluble  in 
acids  or  water,  but  dissolved  by  ammonia.  Ammonia,  in  ex- 
cess, added  to  the  original  solution,  gives  the  fine  deep  blue 
of  copper. 

These  appearances,  in  conjunction  with  the  blow-pipe  re- 
actions, are  sufficient  to  shew  that  the  constituents  of  the 
mineral  are  sulphuric  acid,  chlorine,  copper,  and  a  little  wa- 
ter. I  had  not  enough  of  material  to  determine  the  propor- 
tions of  these  constituents,  but  there  can  be  no  doubt  that 
the  mineral  consists  essentially  of  sulphate  and  chloride  of 
copper,  with  a  little  water.  Whether  the  copper  salts  are 
neutral  or  basic,  it  is  impossible  to  say.  The  chloride  is  ap- 
parently the  more  abundant  of  the  two  salts.  As  above 
stated,  there  seems  also  to  be  a  trace  of  carbonate. 


On  the  Decomposition  of  Water  hy  Platinum  and  the  Black 
Oxide  of  Iron  at  a  white  heat,  with  some  observations  on  the 
theory  of  Mr  Grovels  Experiments.  By  GEORGE  Wilson, 
M.D.,  Lecturer  on  Chemistry  in  Edinburgh.  Communi- 
cated by  the  Royal  Scottish  Society  of  Arts.* 


The  remarkable  discovery  recently  made  public  by  Mr  Grove, 
that  water  in  certain  circumstances,  when  raised  to  a  white  heat,  is 
resolved  into  its  constituent  gases,  has  naturally  excited  much  at- 
tention. It  furnished  the  unexpected  confirmation  of  the  truth  of 
an  opinion  expressed  by  James  Watt  so  far  back  as  1783,  that  if 
steam  could  be  made  red  hot  [white  hot]  so  that  all  its  latent  heat 

*  Read  before  the  Royal  Scottish  Society  of  Arts,  10th  May  1847.  This 
paper  was  previouply  communicated  to  the  Chemical  Society  of  London,  in 
whose  Tranpactions  for  1847  it  was  published.  G.  Vv'iLSOK. 
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should  be  converted  into  sensible  heat,  either  the  steam  would  be 
converted  into  permanent  air,  or  some  other  change  would  take  place 
in  its  constitution.* 

In  the  greater  number  of  Mr  Grove's  experiments,  water  was 
raised  in  temperature  through  the  medium  of  platinum ;  and  it  be- 
came a  question  accordingly,  as  Sir  John  lierschel  and  my  friend 
Dr  Lyon  Playfair  suggested,  how  far  the  decomposition  of  water 
observed  was  owing  to  the  mere  heat  of  the  metal,  how  far  to  the 
peculiar  surface -influence,  or  so-called  catalytic  force,  which  has 
been  so  long  recognised  as  possessed  by  platinum  and  the  other 
noble  metals.  Dr  Playfair  also  referred  to  the  fact,  "  that  many 
bodies  at  high  temperatures  exhibited  a  great  affinity  for  oxygen, 
which  they  did  not  possess  at  lower  temperatures  ;  as,  for  instance, 
silver,  gold,  and  even  platinum  itself,  which  metals  absorb  oxygen 
when  intensely  heated,  and  give  it  out  again  on  cooling.  If  the  ex- 
periments had  been  tried  in  tubes  of  quartz  or  silica,  they  would  not 
have  been  open  to  the  objection  which  the  use  of  so  peculiar  a  metal 
as  platinum  appeared  to  involve."! 

There  was  indeed  one  form  of  Mr  Grove's  experiment  not  liable 
to  the  exception  urged  against  those  where  platinum  was  used.  He 
found  it  quite  possible  to  decompose  steam  by  sending  Leyden-jar 
discharges  through  it,  and  refers  the  decomposition  solely  to  the  heat 
evolved  by  the  electric  spark.  The  same  view  has  been  suggested 
as  not  improbable  by  Faraday,  in  relation  to  the  decomposition  of 
water  in  the  liquid  form  by  electric  discharges.]:  With  great  diffi- 
dence, however,  I  would  remark,  that  the  spark  decomposition  of 
water  cannot  be  regarded  as  an  experimentum  crucis.  Although 
the  electric  spark  cannot  decompose  steam  electrolytically,  we  may 
not  at  once  infer  that  it  cannot  decompose  it  in  another  way.  I 
have  no  wish  to  assert  that  it  can,  but  it  is  possible  that  it  may,  and 
a  crucial  experiment  should  be  unexceptionable.  Again :  the  spark 
discharge  of  a  Leyden-jar  exerts  a  great  disruptive  force,  and  acts 
topically  with  much  violence.  There  is  reason  moreover  to  believe 
that  mechanical  agitation  or  disturbance  of  a  chemical  compound 
can  in  many  cases  cause  the  separation  of  its  elements.  It  may 
seem  an  extravagant  idea  to  suppose  that  oxygen  may  be  torn  or 
detached  from  hydrogen  by  the  action  of  a  disruptive  force  on  the 
molecules  of  water,  as  if  chemical  affinity  were  but  a  kind  of  me- 
chanical cohesion,  which  may  be  overcome  by  division.  On  the  other 
hand,  however,  it  must  not  be  forgotten,  that  we  are  now  acquainted 
with  a  large  number  of  fulminating  compounds,  which  can  be  de- 
composed by  friction,  by  a  touch,  or  a  stroke.  These  compounds 
are  all  fragile,  and  water  is  a  very  stable  combination ;  but  fragility 
and  stability  are  but  terms  of  degree,  in  relation  to   Chemical 


»  Phil.  Trans.  1783,  p.  416. 

t  Athenaeum  for  September  19,  1846,  p.  966. 

+  Researches  in  Electricity,  3(1  Series,  paragraph  33' 
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union :  and  if  it  shall  appear  that  a  feeble  mechanical  force  can 
overcome  a  small  intensity  of  affinity,  it  will  be  acknowledged  as 
quite  possible  that  a  powerful  mechanical  agency  may  overcome  a 
great  one.  We  have  no  means  perhaps  of  making  an  unexception- 
able experiment  as  to  the  decomposing  power  of  mechanical  force ; 
for  we  cannot  bring  it  into  play  without  calling  into  action  other 
agencies.  If  we  touch,  or  rub,  or  strike  a  fulminate,  for  example, 
we  cause  the  evolution  of  heat,  and  add  its  decomposing  power  to 
that  of  the  mechanical  impulse.  It  would  be  a  mere  petitio  prin- 
cipii,  however,  to  assume  that  the  heat  produced  alone  effects  the 
decomposition  observed.  It  seems  to  me,  therefore,  that  the  decom- 
position of  steam  by  the  electric  spark  furnishes  a  more  complex 
problem  for  solution  than  the  action  of  white-hot  platinum  on  the 
same  compound  does ;  and  that  the  experiments  made  with  the 
metal  are  more  likely  to  throw  light  on  those  tried  with  the  spark, 
than  to  be  explained  by  them. 

Whilst  thinking  over  these  difficulties,  and  the  objections  to  Mr 
Grove's  conclusions  suggested  by  Herschel  and  Playfair,  I  had  occa- 
sion to  perform  the  familiar  class-experiment  of  burning  iron-wire 
in  oxygen.  I  observed  with  an  interest  I  had  not  felt  previously, 
although  I  had  carelessly  noticed  the  phenomenon  before,  that 
bubbles  of  apparently  permanent  gas  rose  from  the  globules  of  white- 
hot  oxide  of  iron  as  they  fell  into  the  water.  It  seemed  to  me  pos- 
sible that  this  gas  might  be  a  mixture  of  oxygen  and  hydrogen 
separated  by  the  influence  of  the  metallic  oxide,  acting  as  platinum 
did  in  Mr  Grove's  experiments.  It  was  certain,  moreover,  that  if 
this  should  prove  to  be  the  case,  it  would  supply  a  powerful  argu- 
ment in  favour  of  that  gentleman's  conclusion,  which  seems,  in  spite 
of  all  the  objections  noticed,  in  the  highest  degree  probable,  namely, 
that  heat,  apart  altogether  from  the  medium  through  which  it  is 
applied,  can  resolve  water  into  its  elements. 

As  the  following  experiments  were  made  solely  with  the  hope  of 
substantiating  Mr  Grove's  view,  which  unfortunately,  however,  they 
leave  exactly  as  they  found  it,  I  trust  that  gentleman  will  not  con- 
sider their  publication  an  interference  with  his  researches.  I  was 
led  to  try  them  incidentally,  and  abandoned  them  as  soon  as  I  found 
I  could  render  Mr  Grove  no  assistance  by  means  of  them. 

It  would  be  difficult  to  conceive  a  more  rapid  and  effectual  way 
of  raising  a  body  to  a  white  heat  than  that  afforded  by  the  combus- 
tion of  iron  in  oxygen.  I  took  for  granted  also  (as  it  afterwards 
appeared,  too  hastily)  that  the  metal  could  not  but  be  saturated  with 
oxygen  and  converted  into  a  definite  oxide,  which  would  be  chemi- 
cally indifferent  to  each  of  the  elements  of  water,  and  if  it  decom- 
posed it  at  all,  would  reject  both  its  constituents.  The  convenient 
way,  moreover,  in  which  the  globules  of  oxide  detach  themselves  and 
fall  into  the  water,  and  the  rapidity  with  which  the  whole  process 
goes  on,  make  it  a  very  easy  matter  to  collect  in  considerable  quan- 
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tity  whatever  gases  are  evolved.  A  stoppered  bottomless  jar  of  the 
ordinary  construction  for  the  iron-wire  experiment,  and  of  291 
cubic  inches'  capacity,  was  made  use  of  in  the  following  trials. 
Eighteen  experiments  were  made  with  it,  and  from  100  to  110 
grains  of  fused  globules  were  obtained  from  each  combustion.  A 
test-tube,  with  a  funnel  fixed  into  it  by  a  perforated  cork,  and  filled 
with  water,  was  arranged  so  as  to  receive  the  gas.  In  some  expe- 
riments it  was  placed  within  the  oxygen  jar,  so  that  the  coil  of  wire 
when  introduced  hung  close  to  it,  a  piece  of  tin  plate  being  arranged 
so  as  to  guide  the  globules  within  the  edge  of  the  inverted  funnel* 
In  the  greater  number  of  trials,  however,  the  tube  and  funnel  were 
placed  outside  of  the  vessel  containing  the  oxygen,  and  an  inclined 
plane  of  tin  plate  was  so  sloped  as  to  carry  the  globules  past  the 
edge  of  the  jar,  and  within  the  mouth  of  the  funnel.  No  difference 
of  result  was  observed  in  experiments  made  in  both  ways,  but  the 
latter  arrangement  was  preferred  as  more  convenient,  and  as  enabling 
more  oxygen  to  be  employed  at  each  trial. 

In  all  the  experiments,  permanent  gas  was  evolved  when  the 
fused  globules  fell  into  the  water.  This  statement  is  to  be  consi- 
dered as  applying  ta  each  combustion  considered  as  a  whole ;  for  in- 
dividual globules  were  frequently  observed  to  give  off*  no  gas  at  all, 
or  to  evolve  so  very  little,  that  it  might  be  air  separating  from  the 
water,  in  which  it  had  previously  existed  in  solution.  The  quantity 
of  gas  obtained  at  each  combustion  varied  greatly.  Sometimes  as 
much  as  a  cubic  inch  was  procured,  more  frequently  only  half  that 
quantity,  and  occasionally  less.  The  globules  from  thick  coils  of 
wire  gave  off  a  larger  volume  of  gas  than  those  from  thin  ones. 

Portions  of  the  gas  were  transferred  to  a  Grove's  eudiometer  over 
water,  and  exposed  to  a  white-hot  platinum  wire.  They  did  not 
kindle  or  detonate,  nor  were  they  sensibly  diminished  in  volume 
Other  portions  were  subjected  to  electric  sparks  and  discharges  in  a 
syphon  eudiometer  over  water,  with  the  same  negative  results ;  but 
when  air  or  oxygen  was  mingled  with  the  gas,  it  exploded  sharply 
with  heated  platinum  or  the  electric  spark.  When  a  match  was  ap- 
plied to  the  open  end  of  a  tube  containing  the  unmingled  gas,  it 
burned  rapidly  with  a  pale  blue  flame,  but  did  not  explode.  The 
gas  given  off  during  the  action  of  the  fused  globules  on  water,  was 
not,  then,  a  mixture  of  oxygen  and  hydrogen. 

Its  freedom  from  all  but  a  trace  of  oxygen  was  ascertained  in 
other  ways.  To  one  portion  of  the  gas  standing  over  water  nitric 
oxide  was  added,  but  no  ruddy  fume  or  yellow  coloration  shewed 
itself.  When  phosphorus  was  introduced  into  the  gas,  in  one  in- 
stance it  did  not  smoke,  but  in  the  greater  number  of  cases  it  fumed 
for  a  brief  period,  and  occasioned  an  amount  of  contraction  barely 
perceptible.  The  gas  appeared  to  be  nearly  pure  hydrogen.  To 
ascertain  if  it  certainly  were  so,  a  portion  of  it  was  carefully  dried, 
by  chloride  of  calcium,  and  transferred  to  a  eudiometer  over  warm 
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mercury.  Dry  oxygen  was  then  added,  and  the  mixture  exploded. 
When  the  whole  had  cooled,  the  walls  of  the  eudiometer  appeared 
dimmed  by  a  very  thin  layer  of  moisture,  but  the  quantity  of  gas 
operated  on,  was  too  small  to  admit  of  visible  drops  being  produced. 
Another  portion  of  the  gas  was  mixed  with  half  its  volume  of  oxy- 
gen and  fired  by  the  electric  spark.  The  contraction  which  fol- 
lowed explosion,  varied  in  difierent  experiments,  but  was  frequently 
such  as  to  leave  not  more  than  one-twentieth  part  of  the  mixed  gases 
unconsumed.  Phosphorus  smoked  in  this  residue  for  a  short  time, 
shewing  that  excess  of  oxygen  had  been  made  use  of,  and  left  a 
minute  volume  of  gas  which  was  not  diminished  by  caustic  potash, 
and  must  have  been  nitrogen. 

It  seemed  possible  that  the  trace  of  carbon  present  even  in  malle- 
able iron,  might  affect  the  quality  of  the  gas  resulting  from  the  ac- 
tion of  the  globules  of  oxide  on  water,  and  that  carburetted  hydro- 
gen, carbonic  oxide,  or  carbonic  acid  might  be  produced.  It  seemed 
desirable  to  know  whether  the  latter  were  present  or  not,  as  the 
oxygen  might  have  gone  to  form  them.  It  was  impossible  to  be 
certain  that  carbonic  acid  was  absent,  for  the  gas  from  the  globules 
being  necessarily  collected  over  water,  the  temperature  of  which  was 
low,  carbonic  acid  would  be  retained  in  solution  by  that  liquid.  All 
that  I  can  say  on  this  point  is,  that  lime-water  was  not  rendered 
muddy  or  in  the  slightest  degree  opalescent  by  the  gas.  It  was 
several  times  detonated  with  oxygen  over  lime-water,  but  the  latter 
remained  quite  transparent,  so  that  neither  carbonic  oxide  nor  car- 
buretted hydrogen  can  have  been  present.  In  short,  the  gas 
evolved  from  water  by  the  white-hot  globules  of  oxide  of  iron,  was 
hydrogen  mingled  with  a  small  quantity  of  air,  previously  no  doubt 
in  solution  in  water. 

As  only  the  hydrogen,  then,  of  the  water  decomposed  was  ob- 
tained, it  became  necessary  to  account  for  the  absence  of  the  oxygen. 
I  was  tempted  for  a  moment  to  think  it  possible  that  the  black  oxide 
of  iron  might  have  changed  into  the  red  oxide  of  the  same  metal,  by 
combining  with  the  oxygen  not  obtained  in  the  elastic  form  :  ex.  gr. 
thus  2  Feg  O4  H-  0  =  3  Fog  O3. 

But  the  proto-peroxide  of  iron  is  known  to  be  a  very  stable  com- 
pound, little  if  it  at  all  prone  to  become  the  peroxide ;  and  it  seemed 
more  likely  that  unoxidized  iron  might  be  present  in  the  fused 
globules,  which  occasioned  the  evolution  of  hydrogen  when  it  came 
in  contact  with  water.  To  ascertain  this  point,  portions  of  the 
globules  were  dissolved  in  dilute  muriatic  and  sulphuric  acids,  and 
were  found  in  most  cases  to  evolve  hydrogen.  Some  specimens  of 
the  globules  gave  off  not  a  trace  of  gas  when  they  dissolved,  and 
must  have  consisted  of  the  definite  oxide ;  a  point  of  interest  in  con- 
nection with  the  fact  already  mentioned,  that  globules  were  frequently 
observed  to  drop  into  water  without  any  bubbles  of  gas  rising  from 
them. 
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Tlie  volume  of  hydrogen  however  given  off  in  some  of  the  trials, 
when  the  product  of  combuBtion  was  placed  in  acid,  was  very  con- 
siderable. A  graduated  gas  jar  was  filled  with  dilute  sulphuric  acid, 
and  inverted  over  a  small  capsule  containing  100  grains  of  the 
crushed  globules,  which  was  placed  in  a  basin  also  containing  dilute 
acid.  By  this  arrangement  the  gas  was  collected  and  measured  at 
the  same  time,  without  risk  of  mixing  with  air,  or  necessity  for 
watching  the  process,  which  is  a  slow  one.  100  grains  treated  in 
this  way  gave  off  16  cubic  inches  of  hydrogen,  corresponding  to  9 
grains  of  iron.  The  experiment  was  accidentally  stopped  at  this  point 
whilst  the  gas  was  still  rising  in  undiminished  quantity. 

Metallic  iron,  then,  was  certainly  present  in  many  of  the  globules, 
and  of  this  I  had  direct  ocular  demonstration.  On  crushhig  some 
of  them  in  a  mortar,  they  were  found  to  separate  into  a  shell  of 
pulverizable  oxide,  and  a  core  of  iron  which  formed  a  nearly  spheri- 
cal pellet.  In  one  case  50  grains  of  the  globules  were  crushed,  the 
pellets  separated,  and  the  residue  placed  in  diluted  sulphuric  acid. 
It  did  not  evolve  a  trace  of  hydrogen  in  the  course  of  twenty-four 
hours.  The  pellets  were  then  added  to  the  same  acid,  and  gave  off 
12  cubic  inches  of  gas  =  1 3*6  per  cent,  of  iron  in  the  globules.* 
The  shell  of  oxide  is  frequently  imperfect  or  perforated,  so  that 
water  or  any  other  liquid  penetrates  to  the  iron  core,  and  is  subject 
to  its  influence.  When  this  becomes  known,  it  need  not  surprise  us 
that  most  of  the  globules  should  rapidly  decompose  water.  After 
observing  this  fact,  I  tried  the  effect  of  thick  and  thin  coils  of  wire, 
and  found  that  the  former  invariably  gave  off  the  greater  volume  of 
gas.  When  the  coil  is  so  thin  that  the  metal  is  all  oxidized,  no  gas 
is  evolved  at  all.  A  thick  coil,  indeed,  furnishes  a  striking  mode  of 
illustrating  to  a  class  the  principle  of  Lavoisier's  mode  of  decompos- 
ing water,  and  forms  a  beautiful  addition  to  the  iron-wire  experi- 
ment. 

From  these  observations  then,  it  would  seem  that  white-hot  oxide 
of  iron  cannot  decompose  water  in  the  way  white-hot  platinum  does. 
But  before  any  conclusion  can  be  drawn  from  this  fact  inimical  to 
Mr  Grove's  views,  or  favourable  to  the  opinion  that  a  specific  property 
of  the  platinum  has  more  to  do  with  the  decomposition  of  water  than 
its  mere  temperature  has,  we  should  require  to  know  how  far  the 
two  white-hot  bodies  are  to  be  considered  as  at  the  same  temperature. 
In  Mr  Grove's  experiments,  platinum  is  raised  to  as  high  a  heat  as 
it  can  bear  without  fusing.  It  must  then  be  elevated  to  a  tempera- 
ture much  above  that  necessary  to  make  iron  white-hot,  or  to  fuse 
its  oxide,  for  our  forges  can  melt  iron  and  its  oxides,  but  do  not 
fuse  platinum.     It  may  also  be  remarked,  that  bright  as  the  light 

*  In  none  of  the  experiments  was  the  thermometer  or  barometer  specially 
observed,  as  minute  accuracy  was  not  aimed  at. 
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emitted  by  burning  iron  is,  it  falls  shoi;t  in  intensity  of  that  given 
off  by  platinum  on  the  verge  of  fusion.  It  seems  accordingly  probable, 
that  during  the  combustion  of  iron  in  oxygen,  the  temperature  never 
rises  high  enough  to  confer  upon  the  resulting  oxide  the  power  of 
decomposing  water.  The  question  admits  of  direct  decision,  by  ascer- 
taining whether  oxide  of  iron,  heated  by  the  oxyhydrogen  blowpipe 
to  as  high  a  temperature  as  fusing  platinum,  acquires  the  power  of 
decomposing  water  without  appropriating  to  itself  either  of  its  elements. 
But  it  would  have  been  an  interference  with  Mr  Grove's  own  re- 
searches, to  have  made  experiments  of  this  kind,  and  I  have  accord- 
ingly left  the  question  undecided. 

Meanwhile,  the  experiments  I  have  recorded  are  of  some  little  in- 
terest, as  at  least  shewing  that  not  only  a  white  heat,  but  a  high 
white  heat,  is  essential  to  the  successful  performance  of  Mr  Grove's 
experiments.  Unfortunately,  we  have  not  at  present  any  method 
of  measuring  high  temperatures  which  admits  of  ready  application 
or  secures  great  accuracy.  "  White  heat "  is  in  fact  a  vague  expres- 
sion for  a  range  of  temperature ;  of  the  extremes  in  either  direction 
or  extent  of  which  we  have  no  very  precise  knowledge.  The  power 
of  the  eye  to  measure  the  relative  intensities  of  the  light  evolved  by 
white-hot  bodies  is  very  limited,  and  varies  greatly  in  diiferent 
individuals.  But  the  experiments  I  have  recorded,  seem  to  sup- 
ply the  means  of  so  far  defining  the  white  heat  requisite  for  the 
separation  of  the  elements  of  water,  inEismuch  as  they  shew  that 
it  must  at  least  exceed  the  temperature  necessary  for  the  fusion  of 
malleable  iron  or  its  black  oxide.  If,  moreover,  the  decomposing 
powers  of  the  electric  spark  be  solely  referable  to  its  temperature, 
we  seem  entitled  to  conclude,  from  the  experiments  I  have  detailed, 
that  the  heat  of  the  smallest  spark  that  can  decompose  water  is  at 
least  equivalent  to  that  of  fusing  platinum.  They  appear  also  to  war- 
rant another  conclusion.  It  was  suggested  by  Dr  Leeson  and  by  Mr 
Hunt,  that  the  bursting  of  steam-boilers  might  occasionally  be  owing 
to  the  metal  they  consist  of  becoming  white-hot,  and  decomposing 
water,  as  platinum  does,  with  the  rejection  of  both  its  elements.*  This 
ingenious  suggestion  seemed  to  myself,  before  making  experiments 
with  iron,  likely  to  prove  just ;  but  as  fusing  white-hot  iron  appears 
unable  to  decompose  water,  otherwise  than  by  combining  with  its 
oxygen,  it  is  impossible  that  the  walls  of  a  boiler  can  ever  be  raised 
to  a  temperature  sufficiently  high  to  enable  them  to  separate  the 
elements  of  water  in  the  way  platinum  does. 

I  may  now  be  permitted  to  make  some  comments  on  the  rationale 
of  the  results  obtained  by  Mr  Grove.  That  gentleman,  if  I  under- 
stand him  aright,  considers  the  decomposition  of  water  by  white-hot 
platinum  not  only,  as  assuredly  it  is,  a  remarkable  and  unexpected 
result,  but  as  evidencing  on  the  pai't  of  heat  a  power  to  produce  op- 
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posite  or  dissimilar  chemical  effects  in  the  same  circumstances.  He 
is  reported  in  the  Athenaeum  (Sept.  19,  1846,  p.  966,)  to  have 
'*  announced  his  discovery  that  all  the  processess  by  which  water  may 
be  formed  are  capable  of  decomposing  water,"  (p.  966).  If,  by 
this  statement,  be  simply  meant,  that  heat  combines  oxygen  and 
hydrogen  into  water,  and  decomposes  water  into  these  gases,  it  will 
be  admitted  to  be  a  just  conclusion  ;  but  it  may  be  questioned,  I 
think,  whether  Mr  Grove's  experiments  add  anything  to  our  know- 
ledge of  the  power  of  heat  to  effect  chemical  changes,  except  in  so 
far  as  they  supply  an  additional  very  remarkable  example  of  its  two- 
fold analytical  and  synthetical  agency,  which  has  been  so  long  recog- 
nised. Hydrogen,  which  as  a  gas,  is  probably  the  vapour  of  a  very « 
volatile  metal,  may  be  compared  with  mercury,  also  a  volatile  sub- 
stance. If  mercury  and  oxygen  be  heated  together  to  the  tempera- 
ture of  662°  F.,  they  combine  and  form  the  red  oxide  of  the  metal. 
If  the  resulting  oxide  be  raised  to  a  low  red  heat,  it  is  decomposed 
into  mercury  and  oxygen.  In  like  manner,  if  hydrogen  and  oxy- 
gen be  raised  together  to  the  temperature  of  660°  F.,*  they  unite 
and  form  water.  If  the  resulting  water  be  raised  to  a  white  heat, 
it  is  resolved  into  hydrogen  and  oxygen.  Both  metals  (?)  present 
the  same  phenomena.  At  one  temperature  (nearly  the  same  in  both 
cases)  combination  with  oxygen  occurs ;  at  a  higher  temperature, 
decomposition  of  the  oxide  happens.  Many  other  examples  might 
be  given  in  illustration  of  the  same  fact.  Such  cases,  however,  do 
not  seem  to  warrant  a  conclusion  as  to  heat  exhibiting  anything  like 
a  polarity  of  force,  by  which  I  understand  the  manifestation  in  op- 
posite directions  of  opposite  powers  of  equal  intensity.  At  all  events, 
if  the  opposite  effects  of  different  intensities  of  the  same  agent  be  con- 
sidered equivalent  to  a  polarity  of  action,  it  is  difficult  to  see  what 
force  may  not  be  called  a  polar  one.  The  decomposino-  and  combin- 
ing power  of  heat  of  different  intensities,  seems  exactly  comparable 
to  the  opposite  effects  of  different  intensities  of  mechanical  impulse. 
If  two  pieces  of  smooth  glass  are  laid  together  and  struck  gently 
or  compressed  slightly,  they  unite  or  cohere.  If  the  united  pieces 
are  thereafter  exposed  to  a  sharp  blow,  or  to  great  compression,  the 
union  is  dissolved,  or  they  are  shattered  to  fragments.  Here  the 
same  force  effects  mechanical  synthesis  and  mechanical  analysis. 
But  in  these  contrasted  actions,  as  seems  to  be  the  case  also  in  Mr 
Grove's  experiments,  the  results  are  occasioned  by  a  diff'erence  in 
degree  of  intensity  of  the  same  power,  not  as  in  the  opposite  effects 
of  a  polarizing  force  like  electricity,  by  a  difference  in  the  kind  of 
power,  which  appears  whatever  be  its  intensity. 

There  is  one  form,  indeed,  of  Mr  Grove's  experiment  which  at 
first  sight  does  not  appear  to  admit  of  the  explanation  proposed 
in  reference  to  the  other  trials — I  allude  to  the  decomposition  of 
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steam  by  the  electric  spark,  which  is  well  known  to  have  the 
power  of  combining  hydrogen  and  oxygen  into  water.  A  similar 
experiment  was  made  in  perhaps  a  still  more  instructive  form  in 
the  latter  part  of  last  century  by  Bcccaria,*  Pearson,  and  Van 
Troostvvyk,  and  more  recently  by  Wollaston,-}-  in  his  well-known 
decomposition  of  water  by  guarded  poles.  In  certain  of  these  trials, 
it  was  found  that  Leyden  jar  discharges  sent  through  water,  de- 
composed it  till  the  accumulation  of  permanent  gas  left  the  wires 
bare ;  after  which,  the  first  spark  that  passed  recombined  the 
gases  into  water,  which  again  covered  the  wire,  when  decomposi- 
tion could  anew  be  obtained.  Here,  to  appearance,  the  same  agent 
acting  with  the  same  intensity,  alternately  decomposed  and  recom- 
posed  water.  For  argument's  sake,  let  it  be  acknowledged  that 
the  heat  alone  of  the  spark  was  the  cause  of  the  chemical  change. 
Nevertheless,  it  may  be  questioned,  whether  it  acted  with  equal  in- 
tensity in  both  cases.  The  electric  spark  must  be  conceived,  accord- 
ing to  the  results  already  given,  to  be  at  first  at  a  high  white  heat, 
and  whilst  retaining  this  temperature,  we  may  believe  it  to  possess  a 
power  of  disuniting  the  elements  of  water,  and  of  preventing  their 
union.  But,  as  soon  as  the  spark  falls  to  the  temperature  of  660° 
F.,  it  loses  its  power  of  decomposing  water,  and,  on  the  other  hand, 
acquires  a  power  of  uniting  hydrogen  and  oxygen.  Although,  there- 
fore, the  spark  is  always /wrmVAec/  of  the  same  intensity,  its  action 
may  change,  and  even  be  reversed,  as  its  intensity  diminishes.  More- 
over, even  when  the  spark  is  white-hot,  it  is  only  the  amount  of 
matter  directly  in  its  track  that  will  be  raised  to  a  white  heat.  Con- 
tiguous portions  will  have  their  temperature  much  lower,  so  that  in 
the  case  of  hydrogen  and  oxygen,  at  some  little  distance  from  the 
route  of  the  spark,  the  temperature  will  be  660°  F.,  and  there  com- 
bination will  begin,  and  ultimately  extend,  through  the  whole  mass 
of  gas. 

In  like  manner,  when  a  platinum  wire  is  made  white-hot  in  a  mix- 
ture of  hydrogen  and  oxygen,  it  causes  their  combination.  Here  we 
may  suppose  that  union  occurs  as  soon  as  the  temperature  of  the 
metal  rises  to  660°  F.,  and  before  it  acquires  a  white  heat.  Or  if 
we  were  to  arranfje  matters  so  that  the  wire  should  be  made  white- 
hot  in  a  vacuum,  and  hydrogen  and  oxygen  afterwards  admitted  to  it, 
still  union  of  the  gases  should  happen  ;  for  although  the  wire  might 
prevent  combination  immediately  around  itself,  at  no  great  distance 
where  the  temperature  was  below  700°  F.  it  would  compel  union. 
In  all  such  experiments  the  combining  effect  of  heat  will  be  much 
more  manifest  than  its  decomposing  power ;  not  that  perhaps  the 
former  is  in  reality  greater  than  the  latter,  but  because  flame  is  pro- 
pagated through  a  mixture  of  hydrogen  and  oxygen  by  a  series  of 


*  Lettere  dell*  Elettricismo,  quoted  in  Lardner's  Electricity,  vol.  i.,  p.  78. 
t  Faraday's  Electrical  Kesearches,  series  3,  paragraph  328, 
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combustions.  The  hot  wire  or  the  electric  spark  kindles  only  the 
portions  of  gas  immediately  adjacent  to  it,  but  the  combustion  of 
those  sets  fire  to  the  molecules  contiguous  to  them,  and  these  in  their 
turn  to  their  neighbours,  till  all  are  made  to  burn.  Thus  the  flame 
travels  after  the  original  cause  of  combustion  has  ceased  to  operate 
directly,  and  the  momentary  action  of  a  small  spark,  or  the  transient 
heat  of  a  red-hot  capillary  wire  may  suffice  to  fire  an  infinitely  large 
mass  of  hydrogen  and  oxygen.  There  is  no  provision  for  a  similar 
propagation  of  decomposition  through  water  or  steam  when  either  is 
made  white-hot;  the  absolute  amount  accordingly  of  disunion  of  the 
elements  of  water  occasioned  is  very  small. 

If  allowance,  however,  be  made  for  the  apparent  difference  in  ex- 
tent of  effect  which  heat  shews  in  uniting  and  in  disuniting  the  ele- 
ments of  water,  the  phenomena  otherwise  seem  referable  solely  to 
the  intensity  of  the  temperature  to  which  hydrogen  and  oxygen  are 
exposed.  The  opposite  processes  might  go  on  simultaneously,  union 
or  disunion  being  determined  simply  by  the  different  temperatures  to 
which  different  portions  of  the  gases  were  raised.  At  least  it  seems 
not  improbable  that  if  a  mixture  of  steam  and  of  hydrogen  and  oxy- 
gen were  exposed  to  electric  discharge,  decomposition  of  the  steam 
and  combination  of  the  hydrogen  and  oxygen  might  be  effected  by 
the  same  spark,  provided  the  volume  of  steam  were  not  large.  In 
the  track  of  the  spark,  decomposition  would  occur,  so  long  as  a  white 
heat  prevailed.  When  the  temperature  fell,  combination  would  hap- 
pen where  the  spark  had  passed,  if  it  had  not  already  commenced  in 
the  neighbourhood  of  its  direct  route.  Similar  remarks  apply,  mutatis 
mutandis,  to  the  action  of  a  hot  platinum  wire  on  a  mixture  of  steam 
with  oxygen  and  hydrogen. 

It  may  be  objected  to  this  view,  that  Mr  Grove  decomposes  steam 
in  his  eudiometer,  and  obtains  a  permanent  bubble  of  gas,  consisting 
of  hydrogen  and  oxygen.  The  bubble  however  obtained  in  this  way 
is  very  small,  and  could  not  probably  be  greatly  increased.  Mr 
Grove  has  not  mentioned  how  large  a  volume  of  hydrogen  and  oxygen 
he  could  obtain  in  the  same  eudiometer,  by  alternately  boiling  the 
water  till  the  steam  produced  caused  the  liquid  to  fall  below  the  wire, 
and  allowing  the  steam  to  condense  till  the  water  rose  above  the  metal. 
But  I  venture  to  say  that  no  large  volume  of  permanent  gas  could 
be  procured  by  this  process  if  the  same  eudiometer  were  employed 
many  times  successively.  The  combining  action  of  the  wire  might 
not  take  effect  on  the  hydrogen  and  oxygen  when  their  quantity  was 
small,  and  they  were  diluted  through  a  large  volume  of  steam,  for  in 
virtue  of  the  law  of  diffusion,  the  molecules  of  hydrogen  and  oxygen 
would  be  separated  from  each  other  by  molecules  of  water  vapour  ; 
but  when  the  latter  diminished  in  bulk,  it  seems  impossible  to  doubt 
that  kindling  of  the  gases  would  occur. 

Mr  Grove's  experiments  then  do  not  appear  to  prove  that  heat  of 
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the  same  intensity  is  able,  in  the  same  circumstances,  to  form  water 
and  to  decompose  it.  When  therefore  it  is  stated  that  water  can  bo 
produced  by  the  processes  that  disunite  its  elements,  the  word  "  pro- 
cess "  can  only  he  understood  to  signify  that  the  general  arrangement 
in  both  cases  is  the  same,  not  that  the  intensity  of  the  agent  called 
into  play,  or  its  mode  of  action,  is  identical.  If  this  could  be  affirmed, 
we  should  be  able  to  announce  as  a  general  proposition,  that  mani- 
festations of  the  same  force,  absolutely  identical  as  to  quality,  quantity 
and  intensity,  can  produce  totally  opposite  results,  which  would  bo 
tantamount  to  affirming  that  unlike  effects  may  flow  from  the  same 
cause,  without  any  alteration  in  the  qualities  or  conditions  of  the  latter. 

The  last  observation  I  would  make,  refers  to  the  curious  fact  no- 
ticed by  Mr  Grove,  namely,  that  when  a  platinum  wire  is  heated 
white-hot  in  steam,  "  in  a  ^aw  seconds  a  small  bubble  of  gas  is  formed  ; 
but  if  the  action  be  continued  for  a  week,  it  does  not  increase  in 
quantity."  * 

Are  we  to  suppose  that  the  wire  is  at  the  same  time  decomposing 
water  around  itself,  and  producing  water  at  a  little  distance,  undoing 
in  one  place  what  it  efiects  in  another,  so  that  no  permanent  accumu- 
lation of  gas  is  allowed  to  take  place  \  This  is  possible,  but  I  think 
not  likely.  The  observation  made  by  Mr  Grove  seems  sufficiently 
explicable,  on  the  supposition  that  as  soon  as  the  wire  is  completely 
enveloped  in  steam,  the  thermo-circulatory  currents  which  the  high 
temperature  occasions  in  the  vapour,  prevent  it  from  remaining  long 
enough  in  contact  with  the  wire  to  become  heated  white-hot.  The 
steam  probably  circulates  endlessly  around  the  wire  without  a  trace 
of  decomposition  occurring  in  it.  It  seems  not  unlikely  indeed  that 
in  Mr  Grove's  experiments  with  his  eudiometer  it  was  not  steam  that 
yielded  the  hydrogen  and  oxygen  obtained,  but  the  last  film  of  water 
below  the  wire,  which  could  not  escape  from  the  metal,  but  tended 
rather,  in  consequence  of  its  expansion,  to  rise  towards  it,  and  was 
thus  compelled  to  acquire  a  white  heat,  and  to  break  up  into  its  ele- 
ments. If  this  view  be  correct,  an  arrangement  where  a  white-hot 
wire  or  sheet  of  platinum  foil  was  kept  grazing  the  surface  of  water, 
might  be  found  to  effect  a  continuous  decomposition  of  the  liquid  in 
question. 

It  is  no  objection  to  this  view  that  an  electric  spark  decomposes 
steam  readily,  for  the  duration  of  the  spark  is  so  short,  that  there  is 
no  time  for  the  production  of  thermo-currents,  nor  any  possibility  of 
the  steam  escaping  from  the  powerful  topical  action  of  the  discharge. 
The  spark  may  be  compared  to  fulminating  silver,  whose  action  is 
instantaneous  and  violent,  but  quite  local, — the  heated  platinum  to 
gunpowder,  the  effect  of  which  is  cumulative  and  more  general. — 
Transactions  of  the  Chemical  Society  for  1847. 


*  Athenaeum,  19th  Sept.,  1846,  p.  966. 
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On  the  Theory  of  Parallel  Lines.     By  Henry  Meiklb,  Esq. 
Communicated  by  the  Author. 

In  my  former  article  on  the  same  subject,  in  this  Journal 
for  April  1844,  it  was  hinted  that  some  doubt  might  be  sup- 
posed to  attach  to  a  certain  part  of  the  proof ;  but  a  hope  was 
likewise  expressed  that  my  second  proposition  would  lead  to 
something  better.  Accordingly,  by  means  of  it,  I  have  been 
so  fortunate  as  to  obtain  the  following  legitimate  substitute 
for  the  part  in  question  ;  and  here,  as  formerly,  brevity  has 
been  studied,  especially  in  the  more  obvious  details. 

Prop.  The  angles  of  a  triangle  cannot  be  less  than  180°. 

It  was  proved,  as  a  case  of  the  second  proposition,  that  if 
any  one  triangle  had  the  sum  of  its  angles  less  than  180°,  so 
would  every  triangle,  and  the  defect  from  180°  would  always 
be  proportional  to  the  area.  Hence,  proceeding  on  the  same 
hypothesis,  a  very  large  triangle  should  have  the  sum  of  its 
angles  very  minute,  and  the  two  at  the  base  still  less.  Now, 
it  is  shewn  under  the  first  proposition,  that  on  a  base  equal 
to  any  side  or  base  of  any  given  triangle,  there  may  always 
be  as  great  an  isosceles  triangle ;  but  the  smaller  an  isosce- 
les triangle  is  on  an  equal  base,  the  smaller  evidently  will 
its  angles  be  at  that  base. 

Let  ABC  be  a  triangle  in  which  angle  B  is  large,  say  = 
150°,  and  AB  =  BC  =  the  greatest  side  of 
the  foresaid  large  triangle  ;  and  let  BC, 
CD,  &c.,  be  an  indefinite  series  of  equal 
bases  in  as  many  triangles  whose  com- 
mon vertex  is  A,  and  in  which  the  angles 
ABC,  BCD,  &c.,  continually  decrease, 
such  that  those  triangles  shall  gradu- 
ally approximate  to  being  isosceles,  and  yet  not  more  than 
one  of  them  could  be  perfectly  isosceles,  otherwise  some 
of  the  decreasing  angles  ABC,  BCD,  &c.,  would  not  only 
be  equal,  but  have  that  equality  beginning  with  an  in- 
crease ;  thus  two  angles  at  the  bases  of  the  isosceles  tri- 
angles would  exceed  the  sum  of  one  and  the  angle  just  be- 
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fore  the  first  isosceles  triangle.  Nor  could  the  radiants,  or 
lines  drawn  from  A,  ever  begin  to  decrease  without  continu- 
ing to  do  so ;  because  otherwise,  an  increase  behoved  to 
occur  in  the  angles  ABC,  BCD,  &c.,  where  the  radiants  were 
shortest. 

Construct  a  triangle  GCD  every  way  equal  to  ABC  ;  then 
since  angle  DCG  exceeds  BCD,  the  equal  lines  AC,  DG,  cut 
each  other  in  H,  and  unequally  too  ;  thus  DH  exceeds  CH, 
because  opposite  a  greater  angle,  and  so  the  remainder  GH 
is  less  than  AH.  Hence,  the  triangle  AHD  exceeds  GPIG, 
and,  therefore,  the  triangle  ACD  exceeds  GCD  or  ABC. 
Again,  because  the  angles  BCD,  CDA,  respectively  exceed 
CDE,  and  CDG,  or  BCA,  the  angle  ADE  is  less  than  ACD ; 
and,  consequently,  it  may  be  shewn  in  the  same  way  that  the 
successive  areas  continually  increase,  the  length  of  the  radi- 
ants making  the  triangles  great  when  they  approximate  to 
being  isosceles. 

The  value  of  an  angle  in  the  series  ABC,  BCD,  &c.,  is  at 
first  150°,  but  on  approximating  to  two  angles  in  a  great  or 
isosceles  triangle,  it  will,  as  was  noticed  above,  be  less  than 
the  minute  sum  of  angles  in  a  large  triangle.  Now  between 
150°  and  this  small  value,  there  may  obviously  be  an  angle 
of  every  different  intermediate  value,  and  each  placed  in  the 
order  of  its  magnitude.  If,  then,  a  small  rate  of  decrease  in 
those  angles  would  cause  the  radiants  to  stretch  out  to  an 
unlimited  distance  (for  since  the  contrary  has  neither  been 
proved,  nor  ought  to  be  assumed,  this  case  must  be  provided 
for),  and  since  it  is  quite  evident  that  a  great  decrease  would 
ultimately  make  the  radiants  also  decrease  in  length,  there- 
fore these  two  results  would  be  so  different  as  to  be  running 
into  directly  opposite  extremes  ;  and  so  there  must  still  be 
some  intermediate  rate  which  would  neither  cause  the  radi- 
ants to  stretch  out  indefinitely  nor  yet  to  decrease.  Hence, 
about  A  as  a  centre,  and  with  a  radius  greater  than  any  of 
the  radiants,  a  circle  could  be  described  which  would  include 
the  whole  series  of  triangles,  and  consequently  insure  their 
going  round  the  centre  A ;  otherwise,  an  infinite  number  of 
their  increasing  areas  would  not  nearly  cover  the  finite  area 
of  the  circle. 
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Since  the  series  of  equal  lines  AB,  BC,  &c.,  can  thus  go 
more  than  quite  round  A,  the  continual  decrease  of  their 
angles  ABC,  BCD,  &c.,  must  cause  such  of  these  lines  as  form 
the  smaller  of  the  angles  to  be  coiled  inside  of  those  which 
form  the  greater  ;  and  yet  the  increase  in  the  length  of  the 
radiants  just  insures  the  very  reverse,  or  that  the  smaller 
angles  shall  be  outermost,  which  is  absurd,  but  being  a  legi- 
timate deduction  from  the  supposition  that  the  angles  of  a 
triangle  could  be  less  than  180°,  it  therefore  follows  that  they 
cannot  be  less. 

Now  this  is  what  every  previous  writer  on  the  subject,  so 
far  as  known  to  me,  has  failed  to  prove  ;  but  the  proof  now 
given  might  be  greatly  varied  in  its  form.  My  former  paper 
is  liable  to  no  objection,  so  far  as  regards  proving  that  the 
angles  of  a  triangle  can  never  exceed  180°.  But  for  that 
purpose,  a  much  simpler  mode  of  indefinitely  increasing  the 
area,  is  continually  to  double  the  sides  of  an  equilateral  tri- 
angle, which  at  each  time  should  more  than  quadruple  the 
area  ;  for  if  the  angles  were  greater  with  greater  sides,  four 
copies  of  any  equilateral  triangle  could  always  be  placed 
within  another  having  sides  of  double  the  length. 

The  principles  which  I  have  employed  here  and  formerly 
are  no  other  than  Euclid  has  used  in  his  Elements,  although 
by  slightly  introducing  some  of  them  at  an  earlier  stage  of 
ot*  geometry  than  he  has  done,  I  have  deviated  a  little  from 
his  arrangement.  Now  if  by  so  doing,  I  have  been  enabled 
to  succeed  where  he  had  failed,  this  surely  suggests  that  his 
arrangement  should  be  altered,  and  in  particular,  that  his 
tifth  book,  which  has  no  dependence  on  the  four  before  it, 
should  be  placed  first  of  all.  There  is  besides  something 
unnatural  in  having  such  a  very  different  subject  as  the  doc- 
trine of  proportion  in  the  heart  of  the  elements  of  geometry. 
Proportion,  however  useful  and  necessary  as  an  auxiliary, 
can,  with  no  more  propriety  than  any  other  part  of  algebra 
or  arithmetic,  be  reckoned  geometry. 

Errata  in  former  Paper,  Vol.  XXXVI. 
Page  312,  tlie  letter  P  in  fig.  1  is  misplaced,  it  should  be  at  the  intersection 
of  the  lines  IL  and  CN. 

Page  316,  lines  33  and  35, /or  D^'QY  read  DiS'GY. 
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Bemarks  on  some  Corals  obtained  from  great  depths  in  the  Ant- 
arctic Ocean,  in  a  Letter  from  Charles  Stokes,  Esq., 
F.R.S.,  F.G.S.,  &c.,  to  Captain  Sir  James  C.  Ross,  R.N. 

"  Verulam  Buildings,  26tA  Feb.  1846. 

"  My  Dear  Sir  James, — I  have  found  much  interest  in 
the  examination  of  the  specimens  you  have  sent  me,  which 
were  obtained  by  soundings,  and  the  use  of  the  dredge  at 
great  depths  ;  and  have  to  apologise  both  for  delaying  so 
long  to  send  you  some  observations  upon  them,  and  for  send- 
ing them  now  in  so  imperfect  a  state. 

"  The  fragments  obtained  by  soundings  from  400  fathoms, 
11th  August  1841,  lat.  33°,  3r  S.,  long.  107^  40'  E.,  consist 
of  pieces  of  shells  and  small  corals,  none  of  which  appear  to 
have  been  brought  up  in  a  living  state,  with  small  angular 
pebbles,  very  little  rounded  by  attrition.  Among  them  I  find 
two  joints  of  stems  of  a  small  fossil  Pentacrinite. 

"  Among  the  small  sand  taken  up  by  the  soundings  in  400 
fathoms,  August  1841,  Professor  Edward  Forbes  finds  por- 
tions of  spines  of  Echinus,  and  of  spines  of  Cidaris. 

"  Of  shells,  a  small  broken  Cerithium,  mouth  of  a  Resida, 
a  Pteropod  allied  to  Peracle,  and  a  fragment  of  Cleodora. 
"  Of  Annelides,  Spirorbis  on  the  stones. 
"  Many  foramenifera,  among  which  are  Textularia,  Nodo- 
sarige,  and  several  of  orbicular  and  renoidal  forms  in  abun- 
dance. 

"  The  corals  brought  up  by  the  dredge  from  270  fathoms, 
19th  Jan.  1841,  lat.  72°  31'  S.,  long.  173°,  39^  E.,  consist  of 
three  species  of  Lepralia :  Retepora  cellulosa,  a  small  piece 
in  a  perfectly  fresh  and  living  state  ;  a  Retepora  or  Hornera, 
much  resembling  the  Hornera  frondiculata  of  Lamouroux,  in 
similar  fresh  condition.  The  polype  cells  are  salient  only  at 
the  extremities  of  the  branches.  The  cells  appear  also  on 
all  sides  of  the  branches,  which  must  distinguish  it  from  the 
species  mentioned.  The  absence  of  the  openings  of  polype 
cells  from  the  exterior  side  of  the  branches,  is  made  a  gene- 
ric character  of  Hornera  by  Lamouroux,  but  probably  is  only 
of  value  to  distinguish  species. 
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"  I  nai][ip  this  Hornera  lateralis.  The  genus  Hornera 
was  established  by  Lamouroux  for  a  division  of  Betepora^  of 
which  U.frondiculata  is  the  type;  but  it  was  not  well  de- 
fined by  him.  The  generic  character,  as  given  by  Milne-Ed- 
wards, is,  '  Polyparium  branched,  composed  of  tubular  cells 
united  together  throughout  nearly  their  whole  length,  with 
terminal  circular  openings.  The  cells  all  opening  on  one 
surface.' 

"  The  cells  of  the  present  species  are  not  so  decidedly 
elongated  as  those  of  U.frondiculata^  and  it  may  be  said  to 
occupy  an  intermediate  place  between  Hornera  and  Betepora  ; 
but  this  is  one  of  the  ordinary  difficulties  in  arranging  spe- 
cies in  genera.  An  instance  of  such  difficulty  is  seen  in  the 
species  B.  versipalma,  which  Lamouroux  says  (Expos.  Me- 
thod, p.  41),  *  Est  tres  voisin  des  Horneres,'  which  De  Blain- 
ville  places  in  the  genus  Hornera,  and  of  which  Milne-Ed- 
wards says  {Anim.  sans  Vertebres,  second  edition,  vol.  ii., 
p.  279),  *  Nous  sommes  porte  h,  croire  que  ce  Polype  ne  doit 
pas  etre  range  dans  le  genre  Hornere,  ainsi  que  le  veut  M. 
de  Blainville ;  il  nous  parait  se  rapprocher  davautage  des 
vrais  Retepores.' 

"  The  present  species  differs  from  all  that  are  described 
in  the  opening  of  the  cell,  which,  as  is  shewn  in  fig.  3,"^  is 
placed  laterally  immediately  below  the  pointed  summit  of 
the  cell.  It  is  only  at  the  unbroken  ends  of  the  branches 
that  this  can  be  seen,  as  the  ends  of  the  cells  seem  soon  to 
wear  away,  and  on  the  general  surface  of  the  branches  only 
circular  openings  are  left,  which  are  hardly  at  all  prominent. 

"  In  examining  into  the  relations  of  this  species,  we  have 
another  proof  of  the  necessity  of  good  figures  to  determine 
species.  The  description  given  of  B.  verslpalma  is  as  fol- 
lows : — *  R.  nana,  ramosissima  ;  ramis  ramulosa  palmatis ; 
palmis  brevibus  varie  versis  ;  interna  superficie  poris  promi- 
nalis  scabra  ;  externa  sublsevigata.' 

"  This  description  might  do  for  the  present  species,  if  taken 


*  Plates  of  the  beautiful  drawings  will  be  found  in  the  "  Zoology  of  the 
Voyage,"  now  being  published  under  the  superintendence  of  Dr  Kichardsoi^i 
and  J.  E.  Gray,  Esq. 
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from  a  specimen  of  which  the  summits  of  the  branches  were 
not  quite  perfect ;  but  as  the  lateral  position  of  the  opening-s 
of  the  terminal  cells  is  not  mentioned,  there  is  good  reason 
to  believe  that  the  present  is  a  different  species.     It  is  to 
call  attention  to  this  point,  that  the  name  '  lateralis''  is  given 
to  this  species,  though  it  is  at  the  risk  of  finding  this  charac- 
ter common  to  others,  when  specimens  are  found  in  a  per- 
fect state.     It  is  to  be  observed,  also,  that  the  cells  of  II. 
frondiculata  have  not,  strictly  speaking,  circular  openings, 
although  the  tube  of  the  cell  is  cylindrical.     The  end  of  the 
tube  of  the  cell  is,  in  the  perfect  specimens,  much  higher  on 
one  side  than  the  rest,  so  that  the  opening  becomes  elliptic 
by  being  oblique  to  the  line  of  the  elongated  tubular  cell. 
"  A  new  species  of  Primnoa,  which  I  name  P.  Bossii. 
"  A  Melitoea,  nov.  sp. — M.  Australis. 
"  A  Madrepora  I  nov.  sp. — M.fissurata. 
"  This  is  hardly  to  be  considered  a  true  Madrepore,  but  I 
am  unwilling  to  make  a  genus  for  it. 

"  I  send  herewith  drawings  of  the  three  corals  last  men- 
tioned, which  are  perhaps  the  most  interesting  of  the  whole. 
These  drawings  are  carefully  and  correctly  made ;  and  I  will 
say  little  of  the  description  of  them,  as  the  figures  will  be 
more  useful  than  words.  Although  we  have  long  known  that 
a  Primnoa  from  Norway  (of  which  I  will  speak  presently),  is 
found  at  a  great  depth,  and  some  other  corals  have  been  taken 
at  from  70  to  100  fathoms ;  yet  it  is  rare,  as  far  as  our  pre- 
sent knowledge  instructs  us,  to  find  any  corals,  except  perhaps 
some  of  the  Celleporoe  at  great  depths ;  and  I  am  not  aware 
of  any  previous  instance  of  a  Melitoea  or  a  Madrepora  at  all 
resembling  those  here  represented  having  been  found  except 
at  a  small  depth,  and  in  a  warm  climate  ;  from  which  I  had 
concluded,  that  they  required  more  of  the  solar  light  and 
warmth  than  they  could  obtain  at  the  depth  from  which  you 
took  those  specimens.  Your  Primnoa  is,  however,  to  me  the 
most  interesting  among  them.  The  genus  Primnoa  was  first 
established  by  Lamouroux  for  the  single  species  previously 
called  Gorgonia  lepadifera,  which  is  that  found  in  Norway 
above  alluded  to.  Ehrenberg  (in  his  "  Corallenthiere  des 
rothen  Mceres)"  was  the  first  to  include  in  it  other  r.pecies, 
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and  he  properly  added  to  it  the  G.  verticillaris  ;  he  describes 
also  a  third  species  under  the  name  of  P.  flabellum,  but  I  am 
not  quite  satisfied  that  this  species  is  established.  The  loca- 
lity given  for  P.  verticillaris  by  Ellis  and  Solander,  and  by 
Marsigili,  is  the  Mediterranean.  I  have  good  specimens  of 
this  species  from  the  West  Indies,  where  they  were  collected 
by  the  late  Rev.  Lansdown  Guilding.  I  have  met  with  no 
statement  of  the  depth  at  which  it  grows,  but  have  reason 
to  believe  that  Mr  Guilding  did  not  use  means  to  obtain  his 
specimens  (of  which  I  have  many)  at  great  depths,  and  Ellis 
and  Solander  would  certainly  have  told  us  if  they  had  known 
of  their  occurrence  at  a  great  depth. 

**  Primnoa  lepadifera  is  found,  I  believe,  only  on  the  coast 
of  Norway.  I  have  specimens  nearly  two  feet  in  height, 
which  were  presented  to  me  by  Sir  Arthur  de  Capell  Brooke, 
Bart.,  who  collected  them  there  in  1820.  He  received  ac- 
counts of  their  growing  to  a  much  larger  size.  They  are 
found  at  great  depths,  varying  from  150  to  300  fathoms. 
At  these  depths  they  gi^ow  in  company  with  a  large  branch- 
ing Alcyonium  of  a  red  colour  {A.  arboreuni)^  and  it  is  in  fish- 
ing with  lines  for  the  red  fish  that  the  specimens  are  ob- 
tained. This  fish  frequents  the  places  where  these  corals 
grow,  and  the  lines  getting  entangled  with  the  branches  of 
the  corals  frequently  bring  up  specimens  of  them,  and  some- 
times the  size  and  strength  of  the  corals  is  such  as  to  break 
the  lines. 

"  The  drawings  represent  four  species, — Primnoa  Bossii, 
fig.  1,  of  natural  size  ;  fig.  2,  portion  magnified  ;  3,  4,  polype 
cells  more  magnified  ;  5,  6,  7,  polype  cell  of  P.  lepadifera. 

"  The  polype  cells  of  Primnoa  are  membranaceous  and 
covered  with  calcareous  scales,  the  forms  of  which  are  accu- 
rately represented  in  the  drawings,  and  are  useful  in  forming 
specific  characters,  as  they  differ  in  form  and  number  in  each 
species.  These  scales  do  not  cover  the  whole  surface  of  the 
cells  ;  on  the  inner  side,  next  to  the  stem  there  is  a  part  devoid 
of  scales,  as  if,  being  less  exposed,  their  protection  was  not 
needed.  This  is  shewn  in  the  figures  of  both  species.  The 
substance  of  the  cells  being  membranaceous,  they  are  movable 
in  all  directions,  as  is  shewn  by  the  different  positions  in 
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which  the  cells  of  P.  lepadifera  have  dried,  and  hence  a  mis- 
take was  made  by  Ellis,  who  described  the  cells  as  '  reflexed,' 
that  is,  with  the  mouth  downwards,  which  must  have  arisen 
from  the  position  in  which  his  specimen  had  been  hung  up 
to  dry,  as  the  weight  of  the  cells  would  make  them  fall. 

"  I  will  not  go  into  further  remarks  respecting  the  differ- 
ent species,  but  have  said  thus  much,  because  the  Primnoas 
are  a  rare  form  of  coral,  and  there  is  an  additional  interest 
in  the  Norway  species  occurring  at  a  great  depth,  as  is  the 
case  with  your  new  species  of  the  genus.*    Very  truly  yours, 

C.  Stokes." 

— Sir  James  Clark  Boss's  Voyage  to  the  Southern  and  Antarc- 
tic Begions.  vol.  i.,  p.  334. 


Hyhridity  in  Animals  and  Plants,  considered  in  reference  to 
the  question  of  the  Unity  of  the  Human  Species.  By  Samuel 
George  Morton,  M.D.,  Author  of  "  Crania  Americana," 
"  Crania  ^Egyptiaca,"  &c.t 

Part  I.  Mammalia. — Introductory  Remarks. 

The  facts  connected  with  hybridity  in  the  inferior  classes 
of  animals,  have  an  important  bearing  on  one  of  the  most 
interesting  questions  in  Ethnography ;  and  it  is  in  reference 
to  this  question,  that  we  now  propose  to  arrange  and  review 
them.  J 

It  was  taught  by  Buifon,  John  Hunter,  and  other  natu- 
ralists of  the  past  century,  and  is  yet  assumed  by  some 
learned  men  of  the  present  day,  that  the  hybrid  ofifspring  of 


*  I  leam  from  Professor  Edward  Forbes,  that  he  has  got  from  Captain  Sul- 
livan another  new  species  of  Primnoa  from  near  Staten  Land,  in  278  fathoms. 
1st  August  1846. 

t  Read  before  the  Academy  of  Natural  Sciences  of  Philadelphia,  Nov.  4 
and  11,  1846. 

X  Dr  James  Cowles  Prichard,  the  first  Ethnogi*apher  of  this  or  any  age,  has, 
with  great  care  and  candour,  collected  many  of  the  following  examples  of  hy- 
bridity, although  to  my  view,  they  conflict  strongly  with  his  main  position. — • 
See  PiC-'Carchci'  into  the  Physical  IJinlorii  of  Mankind,  vol.  i. 


Dr  Morton  on  Hybrid  Animals  arid  Plants.  263 

two  distinct  species  of  animals,  are  incapable  of  reproducing 
their  kind ;  thus  making  hybridity  the  test  of  specific  cha- 
racter. It  follows,  according  to  this  supposed  law  of  nature, 
that  if  mankind  embraced  several  species,  the  intermixture 
of  these  would  go  no  further  than  to  produce  a  steril  hybrid 
variety.  But  since  all  the  races  are  capable  of  producing, 
with  each  other,  a  progeny  more  or  less  fertile,  it  is  inferred 
that  they  must  all  belong  to  one  and  the  same  species.  This 
is  the  question  at  issue. 

It  may,  at  first  view,  appear  superfluous  to  go  over  the 
whole  ground  of  inquiry ;  but  apart  from  its  Ethnographic 
relations,  it  is  my  wish  to  call  attention  to  a  branch  of  science 
that  has  hitherto  been  singularly  neglected,  and  perhaps 
more  so  than  any  other.  Having  sought  in  vain  for  some 
collective  exposition  of  its  details,  I  was  at  length  induced 
to  examine  them  for  myself;  and  in  now  giving  them  publi- 
city, I  respectfully  solicit,  from  practical  observers,  any 
authenticated  examples  of  an  analogous  kind,  that  may  not 
be  embraced  in  this  memoir. 

We  shall  merely  further  premise,  that  naturalists  have 
differed  as  to  the  import  of  the  word  species ;  but  we  know  of 
no  better  definition  than  that  which  is  expressed  by  "  sepa- 
rate origin  and  distinctness  of  race,  evinced  by  the  constant 
transmission  of  some  characteristic  peculiarity  of  organiza- 
tion.*' The  term  race  has  been  indefinitely  and  convenient- 
ly used  in  those  instances  in  which  it  is  difiicult  to  decide 
whether  an  individual  of  any  tribe  of  plants  or  animals,  is  a 
distinct  species,  or  only  a  variety  of  some  other  species. 
Races  are  properly  successions  of  individuals  propagated 
from  any  given  stock  ;  and  we  agree  with  the  learned  Dr 
Prichard.  from  whom  we  cite  these  definitions,  that  when 
races  can  be  proved  to  possess  certain  primordial  distinctions, 
which  have  been  transmitted  unbroken,  they  should  be  re- 
garded as  true  species.* 


*  Researches  into  the  Physical  History  of  Mankind,  3d  Edit.,  pp.  105,  109. 
— For  some  highly  interesting  views  of  this  question,  and  their  practical  ap- 
plication, see  Prof,  llaldeman's  Enumeration  of  Fresh  Water  Mollusca,  in  Bos- 
ton Jour,  of  Nat.  Hist.,  1844.    Further  researches  into  Ethnographic  affinities, 
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Let  us  now  proceed  to  examine  the  question  before  us, 
commencing  with  the  larger  mammiferous  animals,  and  pro- 
ceeding from  these  to  birds,  fishes,  insects,  and  plants. 

Equine  Hybrids. — The  common  mule,  the  progeny  of  the 
ass  and  mare,  has  been  familiar  to  man  since  the  days  of 
Homer ;  and  it  is  equally  well  known  that  with  this  animal, 
the  hybrid  form,  as  a  general  rule,  begins  and  terminates. 
But  the  result  appears  to  depend  much  on  temperature ;  for 
in  the  south  of  Spain,  mules  have  often  been  observed  to 
produce  young  ;  and  M.  de  la  Malle  observes  that  this  phe- 
nomenon is  frequent  in  hot  climates,  in  which  their  period  of 
gestation  is  twelve  months,  being  the  same  as  that  of  the 
mare.  The  same  author  quotes  from  Columella,  the  remark 
of  Mago,  a  Carthagenian  agriculturalist,  that  in  his  country 
the  fecundity  of  the  mule  was  a  frequent  event,  although  it 
was  regarded  as  a  prodigy  in  Greece  and  Italy.  He  adds, 
that  these  mixed  mules  do  not  cross  again  with  each  other, 
but  only  with  the  primitive  species  that  has  given  them 
birth.* 

The  ancients  gave  the  name  ginnus  to  the  offspring  of  the 


may  render  it  probable  that  what  are  now  termed  the  jive,  races  of  men,  would 
be  more  appropriately  called  groups  ;  that  each  of  these  groups  is  again  divi- 
sible into  a  greater  or  smaller  number  of  primary  races,  each  of  which  has  ex- 
panded from  an  aboriginal  nucleus  or  centre.  Thus  I  conceive  that  there  were 
several  centres  for  the  American  group  of  races,  of  which  the  highest  in  the 
scale  are  the  Toltecan  nations,  the  lowest  the  Fuegians.  Kor  does  this  view 
conflict  with  the  general  principle,  that  all  these  nations  and  tribes  have  had, 
as  I  have  elsewhere  expressed  it,  a  common  origin ;  inasmuch  as  by  this  term 
is  only  meant  an  indigenous  relation  to  the  country  they  inhabit,  and  that  col- 
lective identity  of  physical  traits,  mental  and  moral  endowments,  languages, 
&c.,  which  characterize  all  the  American  races.  The  same  remarks  are  appli- 
cable to  all  the  other  human  races ;  but  in  the  present  infant  state  of  Ethno- 
graphic science,  the  designation  of  these  primitive  centres  is  a  task  of  equal 
delicacy  and  difficulty.  I  may  here  observe,  that  whenever  I  have  ventured 
an  opinion  on  this  question,  it  has  been  in  favour  of  the  doctrine  of  2)rimeval 
diversities  among  men, — an  original  adaptation  of  the  several  races  to  those 
varied  circumstances  of  climate  and  locality,  which,  while  congenial  to  the  one 
are  destructive  to  the  other;  and  subsequent  investigations  have  confirmed  me 
in  these  views.  See  Crania  Americana,  p.  3 ;  Crania  uEgyptica,  p.  37  ;  and 
Distinctive  Characteristics  of  the  Aboriginal  Race  of  America,  p.  36. 
*  M.  de  la  Malle,  Ann.  des  Sciences  Nat.,  xxvii,  p.  235. 
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mule  and  the  mare,  which  appears  to  have  been  a  common 
animal  among  the  Romans,  who  called  it  also  the  Little  Mule, 
(Tarvum  mulum.)'^ 

Prevost  and  Dumas,  repeating  the  experiments  of  Lieuen- 
hoeck,  assure  us  that  the  sterility  of  these  mules  in  northern 
climates  depends  on  an  absence  of  spermatic  animalcules ; 
but  the  latter  must  be  present  in  hot  countries,  to  explain 
the  phenomena  of  reproduction. 

The  Hinny,  on  the  other  hand,  is  the  offspring  of  the  horse 
and  a  female  ass — Bardo  ex  equo  et  assind — an  animal  of  a 
very  refractory  disposition,  and  little  esteemed,  either  in  an- 
cient or  modern  times ;  nor  have  I  been  able  to  obtain  any 
facts  in  relation  to  its  reproductiveness. 

Again,  when  a  male,  derived  from  the  cross  "  between  the 
she  ass  and  the  male  onager  {Equus  onayer),  is  allowed  to 
couple  with  the  mare,  the  offspring  is  more  docile  than  either 
parent,  and  unites  the  beauty  of  form  and  gentle  disposition 
of  the  father  with  the  strength  and  swiftness  of  his  grand- 
sire  ;t  whence  the  ancients  preferred  the  onager  to  the  ass 
for  the  production  of  mules,  and  Mr  Gliddon  informs  me  that 
this  opinion  is  prevalent  in  Egypt  at  the  present  day. 

The  Baron  Cuvier  informs  us  that  he  had  seen  the  cross 
between  the  ass  and  zebra,  and  between  the  female  zebra 
and  horse. J 

The  ass  is  not  the  proximate  species  of  the  genus  Equus, 
when  compared  with  the  horse ;  but  that  place  is  held,  as 
Cuvier  remarks,  by  the  Bziggetai  of  Asia  (^Eq.  heinionus.)  And 
two  distinguished  naturalists,  Mr  Bell  and  Mr  Gray,  are  even 
disposed  to  remove  the  ass  to  a  separate  genus.  Without 
passing  judgment  on  this  question,  I  will  merely  observe, 
that  in  order  to  obtain  a  prolific  breed  of  hybrid  horses,  the 
true  horse  should  be  coupled  with  the  hemionus,  under  the 
same  adaptation  of  climate  and  domesticity  that  have  been 
bestowed  on  some  other  mixed  animals  ;  nor  until  this  expe- 
riment has  been  fairly  tried,  can  we  speak  with  absolute  cer- 
tainty of  the  extent  of  productiveness  of  equine  mules. 

*  M.  de  la  Malle,  Ann.  des  Sciences  Nat.  xxvii.,  p.  143. 
t  Columella,  quoted  ut  sitpra,  p.  135. 
X  Regne  Animal,  p.  182. 
VOL.  XLIII.  NO.  LXXXVI. — OCTOBER  1847-  S 
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The  phenomenon  of  productiveness  has  little  or  no  limit 
among  the  true  horses ;  whence  it  has  been  inferred  that  they 
all  belong  to  one  species  ;  and  that  their  various  forms  and 
colours  are  solely  owing  to  the  diversified  circumstances  in 
tvhich  they  have  been  placed.  But  the  researches  of  Hamil- 
ton Smith,  have  not  only  given  rise  to  much  doubt  on  this 
subject,  but  have  adduced  a  surprising  array  of  facts  in  fa- 
vour of  the  opposite  opinion. 

We  must  refer  to  his  learned  and  elaborate  essay  for  the 
mass  of  evidence  therein  embodied  ;  merely  observing,  on  the 
present  occasion,  that  he  separates  the  horses  into  five  pri- 
mitive stocks,  which  appear  to  constitute  "  distinct,  though 
osculating  species,  or  at  least  races  separated  at  so  remote  a 
period,  that  they  claim  to  have  been  divided  from  the  ear- 
liest times  of  our  present  zoology."* 

He  adds,  that  some  of  these  forms  yet  exist  in  the  wild 
state  on  the  table-lands  of  Central  Asia,  and  that  all  of  them 
were  so  constituted  as  to  be  fusible  into  a  common,  specific, 
but  very  variable  stock,  for  the  purposes  of  man  ;  and  he 
finally  concludes,  that  if  man  had  been  necessitated  to  culti- 
vate the  zebras  of  South  Africa,  instead  of  the  horses  of  Asia, 
he  would  have  succeeded  in  amalgamating  the  three  or  foiir 
known  species  into  one  domestic  animal,  little  inferior  to  the 
horse  itself,  f 

It  therefore  becomes  a  reasonable  supposition  that  some 
varieties  of  the  horse  now  known  to  us  may  be  hybrid  mix- 
tures of  proximate  species  :  more  especially,  since  the  facts 
collected  by  Hamilton  Smith,  De  Azara,  and  De  la  Malle, 
shew  conclusively  that  all  the  domestic  horses  were  reclaim- 
ed from  the  original  wild  state. 

^  Natural  History  of  the  Equidae,  p.  154. 

t  Ibid.,  pj).  75,  183.  Fossil  remains  of  the  horse,  and  especially  the  teeth, 
have  been  of  late  years  abundantly  found  in  Europe  and  Asia,  and  in  North 
and  South  America,  and  especially  near  Natchez,  by  Dr  Dickerson ;  shewing 
that  this  animal  was  once  indigenous  to  all  these  widely  extended  regions ;  and 
yet  there  are  now  no  horses  in  the  Western  Hemisphere,  excepting  those  that 
have  descended  from  the  European  stock.  The  indigenous  species  must  haviB 
become  extinct  from  some  remote  and  extended  cataclysm.  It  is  curious  also 
to  note  that  these  fossil  horses  were  different  in  species  from  the  present  variety, 
although  they  were  closely  allied  to  it.  There  were  in  ancient  times  several, 
perhaps  many,  species  of  the  genus  Equus. 
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Bovine  Hybrids. — In  the  argument  in  question,  the  ox  tribe 
has  ahvays  been  referred  to  as  one  of  the  strongest  evidences 
of  the  operation  of  local  causes  in  producing  varieties  of  breed. 
But  the  parent  type  or  stock  is  wholly  unknown  to  naturalists ; 
and  although  it  corresponds  in  its  osteological  structure  with 
a  fossil  species  {Bos  urus)  found  throughout  Europe,  it  is 
extremely  doubtful  whether  all  the  modifications  now  fami- 
liar to  man  are  derived  from  this  animal.  "  An  opinion  has 
lately  been  started,"  observes  a  learned  zoologist,  "  that  the 
haunched  varieties  of  cattle  are  derived  from  a  different  spe- 
cies ;  against  which  no  conclusive  objection  can  well  be  made, 
when  it  is  considered  that  the  Gayal  {Bos  gavceus)  produces 
a  mixed  race  with  the  domestic  animal ;  and  that  the  yak  of 
Tartary  {Bos  grunniens),  and  even  the  American  bison,  are 
equally  reported  to  mix  with  that  species,  notwithstanding 
their  anatomical  differences,  and  that  the  times  of  gestation 
are  not  similar."* 

The  hybrid  offspring  of  the  buffalo  and  the  common  breed 
of  cattle  is  now  familiar  in  the  western  parts  of  the  United 
States,  particularly  in  Missouri  and  Kentucky  ;  but  I  have 
not  yet  ascertained  whether  they  have  ever  bred  again  among 
themselves,  or  with  either  of  the  parent  stocks.f  I  have  in- 
stituted inquiries  on  this  subject,  the  results  of  which  I  hope 
to  add  as  a  sequel  to  this  memoir.  In  fact,  it  is  now  con- 
ceded that  all  the  species  of  the  genus  Bos  are  similarly  cir- 
cumstanced ;  X  whence  we  have  no  difficulty  in  supposing  that 
among  the  ox  tribe,  as  among  various  other  classes  of  ani- 
mals, hybridity  has  more  or  less  modified  their  forms  during 
the  long  lapse  of  thousands  of  years. 

Bovine  and  Cervine  Hybrid  ? — The  Baron  Larrey  inciden- 
tally mentions,  in  his  Memoirs,  the  following  circumstance 
that  occurred  during  his  residence  at  the  Bay  de  Croc,  in 
Newfoundland;  "  The  Carabou  {Cervus  Wapiti)  sometimes 
comes  near  the  houses.  In  the  night,  one  of  them  broke  into 
our  sheep-fold,  where  we  had  a  cow,  that  became  pregnant 

*  Griffith's  Cuvier,  iv.,  p.  419. — Prichard's  Researches,  i.,  p.  141. 
t  Desmoulins,  however,  speaks  positively  in  the  afifirmative. — Hist.  Not  des 
Races  Uuiuaines,  p.  195. 

X  Tjouilon's  Magazine  of  Nat.  Hist.,  ix.,  p.  611. 
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by  him.  She  no  doubt  produced  a  mongrel ;  but  I  lost  the 
opportuity  of  ascertaining  the  fact,  because  she  was  taken 
back  to  Brest."* 

I  see  no  reason  to  question  any  part  of  this  statement, 
which  ceases  to  astonish  us  when  we  regard  the  many  ana- 
logous phenomena  that  are  now  fully  authenticated,  and 
among  others  the  following  very  remarkable  one. 

Bovine  and  Ovine  Hybrid. — In  Brande's  Dictionary  of  Li- 
terature and  Science, t  it  is  mentioned,  without  doubt  or  re- 
servation, that  a  mule  has  been  obtained  between  the  bull 
and  sheep ;  a  statement  that  claims  our  entire  credence, 
from  the  circumstance  that  the  physiological  part  of  the  work 
in  which  it  is  contained,  is  from  the  pen  of  Prof.  Owen,  of 
the  Royal  College  of  Surgeons. 

Cervine  Hybrids. — The  only  example  of  this  class  that  I 
have  met  with  in  authors,  is  that  between  the  Indian  buck  of 
the  Axine  species  (Cervus  axis)  with  the  Porcine  species,  thus 
giving  rise  to  the  well-known  intermediate  stock,  called  the 
Spotted  Hoy-deer.  J 

Caprine  Hybrids. — The  goat  called  the  Wild  wyayrus,  which 
is  found  in  all  the  alpine  regions  of  Europe  and  Asia,  appears 
in  every  instance  to  be  a  prolific  hybrid  between  the  domes- 
tic goat  and  the  local  wild  one  of  the  country  it  inhabits,  al- 
though the  latter  animal  may  be  the  Ibex,  the  Caucasica,  or 
any  other  species.§ 

A  mixed  breed  has  also  been  obtained  between  the  cha- 
mois (Antilope  rupicapra)  and  the  common  goat.  \\ 

Ovine  Hybrids. — It  was  until  lately  supposed  by  most  zoo- 
logists, that  the  domestic  sheep,  and  the  Asiatic  and  Ameri- 
can Aryali,  were  mere  varieties  of  one  species  ;  but  they  are 
now  known  to  be  distinct,  and  are  severally  designated  by 
the  names  of  Oris  musmon,  O.  ammon,  and  O.  pyyaryus. 
The  common  sheep,  called  in  the  systems  O.  arieSy  is  gene- 
rally classed  as  a  variety  of  the  first  named  species ;  but  re- 
cent investigations  render  it  more  than  probable  that  several 


*  Memoirs  of  Military  Surgery,  &c.,  Dr  Hall's  trans.,  vol.  i.,  p.  11. 

t   Article  Hybrid. 

X  Hamilton  Smith,  jEquidse,  p.  341.  §  Idem.  (t  Idem. 
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wild  species  have  commingled  to  form  the  numerous  culti- 
vated races.  * 

Ovine  and  Caprine  Hybrids. — The  ancients,  more  especially 
the  Romans,  regarded  all  the  varieties  of  domestic  sheep  as 
a  mixed  offspring  of  the  sheep  and  goat  {Capra  hircus).  The 
possibility  of  this  union  was  proved  by  Prof.  Pallas,  by  per- 
sonal observation  during  his  travels  in  Russia ;  and  although 
a  doubt  has  been  here  and  there  expressed  with  respect  to 
it,  the  fact  is  now  conceded  by  all  naturalists,  from  abundant 
evidence.  Some  new  and  very  interesting  information  has 
lately  been  aiForded  us  from  another  quarter.  "  For  a  very 
long  time,"  observes  M.  Chevreul,  "  an  extensive  commerce 
has  been  carried  on  in  Chili,  in  the  skins  of  sheep  with  rather 
coarse  wool,  derived  from  a  cross  between  the  male  of  the 
common  goat  and  the  ewe,  which  was  obtained  as  follows  :  a 
single  goat  was  placed  with  six  ewes,  and  male  hybrids  were 
obtained  with  a  hairy  fleece,  which  was  little  esteemed  for 
the  particular  purpose  for  which  it  was  designed.  But  by 
coupling  these  male  hybrids  with  ewes,  the  latter  were  fruit- 
ful, and  their  offspring  bore  a  fine  soft  fleece,  which  is  highly 
valued  in  the  manufacture  of  shabraques^  called  also  pellians, 
in  Chili.  After  several  generations,  the  hair  becomes  coarse 
and  hard,  when  it  becomes  necessary  to  recur  to  a  male  hy- 
brid of  a  former  generation,  in  order  to  obtain  the  requisite 
cross  for  the  production  of  the  perfect  fleece,  t 

I  have  only  to  add,  on  the  same  authority,  that  Prof.  Flou- 
rens,  of  Paris,  has  recently  obtained  a  cross  between  the 
wild  ram  J  {Ovis  musmon?)  and  the  female  of  the  common  goat. 

Cervine  and  Ovine  Hybrid. — Hellenius,  quoted  by  Rudol- 
phi,  mentions  the  very  interesting  case  of  a  Sardinian  doe 
that  refused  the  goat,  but  was  crossed  by  a  ram.  The  young 
had  the  figure  of  the  father,  but  in  colour  more  resembled  the 
mother.  These  hybrids  were  again  crossed  by  a  Finland 
ram,  and  after  a  few  generations  assumed  the  characters  of 
the  Finland  breed  of  sheep. § 

*  Hamilton  Smith,  /Equidaj,  p.  70. — Blyth,  Proceedings  of  the  Zoolog.  See. 
of  London,  1840.  t  Journal  des  Savants,  Juin  1846,  p.  357. 

X  Moufflon.     The  particular  species  is  not  designated. 
§  Rudolphi,  Beytrage  zur  Anthropologic,  &c.,  p.  165. 
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Cameline  Hybrids. — The  two  species  of  camel,  C.  bactria- 
mis  and  C,  dromedarius,  produce  with  each  other  an  interme- 
diate offspring,  which  is  said  to  be  fertile  without  limit.  Buf- 
fon  could  not  deny  this  proverbial  fact ;  and  in  order  to  ob- 
viate a  difficulty  that  conflicted  with  a  favourite  opinion,  he 
assumed  that  these  animals  must  be  mere  varieties  of  a  single 
species.  Modern  science,  however,  has  established,  beyond 
question,  the  specific  difference  of  the  camel  and  the  drome- 
dary.* 

Canine  Hybrids. — If  we  could  admit  that  all  the  dogs,  with 
their  varied  external  forms  and  peculiar  instincts,  have  been 
derived  from  a  single  pair  of  these  animals,  we  could  have 
no  difficulty,  I  conceive,  in  adopting  so  much  of  Lamarck's 
theory  as  relates  to  the  progressive  transmutation  of  species, 
resulting  from  what  he  calls  the  force  of  external  circum- 
stances ;  and  it  is  curious  to  observe  that  he  especially  ad- 
duces the  canine  race  in  support  of  his  hypothesis.  "  In  na- 
ture we  seek  in  vain  for  mastiffs,  harriers,  spaniels,  grey- 
hounds, and  other  races  between  which  the  differences  are 
so  great  that  they  would  be  readily  admitted  as  specific  among 
wild  animals  ;  yet  all  these  have  sprung  originally  from  a 
single  race,  at  first  approaching  very  near  to  a  wolf ;  if,  in- 
deed, the  wolf  be  not  the  true  type  which  at  some  period  or 
other  was  domesticated  by  man."t 

He  further  maintains  that  the  peculiar  instincts  and  func- 
tions of  animals, — the  dogs  for  example, — have  not  resulted 
from  a  previous  and  pre-adapted  organization  ;  but  that  these 
instincts,  on  the  contrary,  have  developed,  by  constant  use, 
those  very  organs  of  which  they  are  the  seat.  The  grey- 
hound, for  example,  has  derived  his  long  and  slender  legs, 
and  his  proverbial  speed,  from  the  mere  habit  of  running 
with  celerity  in  pursuing  some  animals  and  in  escaping  from 
others.  The  mastiff'  again  has  become  large, .  strong,  and 
muscular,  from  habitually  seizing  and  holding  animals  larger 
and  stronger  than  himself.  In  fine,  Lamarck  applies  the 
same  principle  to  all  organized  beings,  which,  according  to 


*  Cuvier,  Regne  Animal,  vol.  i.,  p.  187. 

t  See  Lyell's  Principles  of  Geology,  B.  III.,  chap.  1,  &c. 
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his  doctrine,  have  been  developed  by  the  mere  force  of  cir- 
cumstances,— a  tendency  to  progressive  advancement  from  the 
simplest  to  the  most  perfect  forms.  And  here  we  may  in- 
quire,— If  education  and  domesticity  can  so  vary  not  only  the 
instincts  but  the  very  proportions  of  anatomical  structure  in 
dogs,  do  we  not  realize  in  the  theory  of  Lamarck,  a  law  of 
nature  which  would,  with  equal  readiness,  explain  the  un- 
limited transmutation  of  species  into  each  other  ? 

But  is  it  proved  that  all  the  domestic  dogs  are  really  de- 
rived from  a  single  species  \  Here  again  we  appeal  to  one  of 
the  latest  and  best  authorities  on  this  question — Charles 
Hamilton  Smith,  whose  laborious  researches  have  led  him  to 
the  following  conclusions — that  the  parents  of  our  domestic 
dogs  are  derived  from  several  distinct  species,  which  were 
constituted  with  faculties  to  intermix,  and  thus  to  produce 
the  interminable  varieties  familiar  to  man  ;  that  five  of  these 
types  belong  to  the  Old  World  alone,  viz.,  the  wolf,  the  buansu, 
the  anthus,  the  din^o,  and  the  jackal ;  that  a  dhole  or  a  thus 
may  have  been  the  progenitor  of  the  greyhound  ;  and  that 
the  origin  of  the  primitive  mastiff  may  yet  be  traced  to  a  lost 
or  undiscovered  species  belonging  to  the  hyena  tribe.* 

The  wolf,  the  dog,  the  jackal,  and  the  fox,  all  intermix 
with  each  other.  So  does  the  common  jackal  with  thfe  jackal 
of  Senegal.  Do  they  therefore  belong  to  one  species  I  It  is 
well  known  that  the  cross  between  the  dog  and  the  European 
wolf  in  the  experiments  of  Buffon,  did  not  extend  beyond  the 
fourth  generation ;  but  the  distinguished  writer  whom  we 
have  just  quoted,  has  observed,  that  the  animals  were  in  a 
state  of  neglect  and  restraint,  and  gradually  tended  to  steri- 
lity, from  their  small  number,  and  from  the  want  of  recross- 
ings  from  one  or  other  of  the  parental  stocks.  It  is  worthy 
of  remark,  that  the  din^o  of  Australia  when  placed  in  simi- 
lar circumstances  with  the  common  dog,  also  becomes  steril 
in  the  fourth  generation ;  whence,  according  to  this  test,  the 
din^o  is  not  a  true  dog,  ])ui  some  other  species  of  the  genus 
Canis. 

*  Natural  History  of  the  Dog,  in  Naturalist's  Library,  vol.  i.,  p.  104,  et  paS' 
aim.  The  Cants  venatica  of  Burchell,  connects  the  dog  with  the  hyena  almost 
without  an  Uiterval. 
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The  greatest  number  of  mammae  in  the  common  dog  is  ten, 
the  smallest  number,  six  ;  in  the  wild  species  they  are  always 
in  pairs,  and  they  never  vary  in  a  species.  "  To  what  other 
cause,  then,  can  we  ascribe  the  anomaly  in  domestic  dogs,  so 
justly  as  to  an  intermixture  of  species  ^"* 

The  dogs  that  have  become  wild  in  Paraguay,  always  hunt 
in  packs,  thus  resuming  the  wolf-life  instinct  of  their  proge- 
nitors. Will  it  be  said  that  this  is  a  newly  developed  in- 
stinct \  or  is  it  not  rather  an  old  one  that  new  wants  have  re- 
produced. 

It  is  therefore  certain  that  dissimilar  species  of  the  dog 
tribe  are  capable  of  producing  a  fertile  hybrid  offspring ;  and 
if  it  was  the  interest  of  man  again  to  cultivate  and  extend 
these  mixed  species,  there  is  every  probability  that  the  race 
would  become  unlimited. 

"  Experiments  shew,"  observes  Mr  Lyell,  *•  that  after  re- 
peated failures,  the  union  of  two  recognized  species  may  at 
last,  under  very  favourable  circumstances,  give  birth  to  fer- 
tile progeny ;  and  such  circumstances,"  he  adds,  "  the  na- 
turalist may  conceive  to  have  occurred  again  and  again  in 
the  course  of  a  great  lapse  of  ages."t 

Every  one  who  is  in  the  least  degree  acquainted  with  the 
natural  history  of  dogs,  knows  that  certain  remarkable 
changes  of  colour,  and  sometimes  of  form,  take  place  in  par- 
ticular localities.  These  changes  are  usually  attributed 
solely  to  climate,  food,  training,  and  other  exterior  agents. 
I  do  not  deny  the  modifying  action  of  such  agents  in  these 
and  other  cases  ;  but  it  is  a  reasonable  subject  of  inquiry  , 
whether  there  may  not  be  something  in  these  localities  that 
favours  an  effort  of  nature  to  reproduce  a  primitive  type  ? 
The  localities  to  which  we  allude,J  do  not  operate  equally 
on  all  varieties  of  the  dog  tribe ;  which  we  might  suppose 
would  be  the  case  if  all  the  canine  breeds  were  derived  from 
a  single  stock  or  species.  It  is  important,  in  connection  with 
this  subject,  to  observe  that  all  the  pure  Indian  dogs  of 


*  Nat.  Hist,  of  the  Dog,  in  Nat.  Lib.,  vol.  ii.,  p.  79. 
t  Principles  of  Geology,  Book  III.,  chap.  2. 

\  See  Dr  Prichard's  Natural  History  of  Man,  for  an  admirable  exposition  of 
these  and  all  other  facts  on  which  the  analogical  avjumcnt  is  founded. 
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North  America  are  of  one  variety,  with  erect  ears,  a  wolfish 
aspect,  and  having  a  howl  in  place  of  a  bark.  Most  natu- 
ralists agree  in  considering  it  a  reclaimed  wolf.  The  late 
Mr  Thomas  Say,  regarded  it  as  the  Canis  latrans  or  Howling 
Wolf,  in  a  state  of  domestication.  It  is  remarkable,  when 
unmixed,  for  the  uniformity  of  its  characters,  which  are  the 
same  in  every  locality  over  thousands  of  miles  in  extent.* 
No  varieties  have  arisen  from  it,  excepting  by  crossing  the 
breed  with  other  dogs,  when  a  hybrid  is  produced  that  is  pro- 
lific without  end.  It  is  much  to  be  regretted  that  so  little 
is  known  of  the  history  of  the  indigenous  dogs  of  America, 
— a  subject  that  afiPords  a  fine  field  for  scientific  inquiry. 

While  engaged  in  writing  this  memoir,  I  am  assured  by 
my  friend  Dr  M'Coy,  an  intelligent  physician  and  naturalist, 
that  in  the  interior  of  Pennsylvania,  the  common  wolf,  C. 
lupus,  has  been  taken  when  young,  and  successfully  trained 
to  deer  hunting.  The  difficulty,  however,  with  these  animals 
was,  that  they  devoured  the  game,  unless  the  sportsman  was 
on  the  spot  to  prevent  them.  To  obviate  this  fault,  these 
wolves  were  crossed  by  the  common  dog ;  giving  rise  to  a 
mixed  breed,  that  combined  the  keener  instinct  of  the  wolf 
with  the  greater  docility  of  the  dog.  Should  these  hybrids 
reproduce  among  themselves,  or  with  either  of  the  parental 
sources,  how  completely  will  the  history  of  these  animals  il- 
lustrate the  origin  of  the  dog  tribe,  its  primitive  domestica- 
tion, the  crosses  between  different  species,  and  the  varieties 
that  must  have  followed  from  such  intermixture  %  I  hope  yet 
to  be  able  to  lay  before  the  reader  all  the  facts  of  this  singular 
history. 

Surine  Hybrids. — An  other  domestic  animal  which  presents 
remarkable  varieties  of  form  as  well  as  of  marking,  is  the 
hog  ;  and  these  have  also  been  attributed  to  a  single  species 
modified  by  immemorial  domestication.  Some  new  light, 
however,  has  recently  been  thrown  on  this  branch  of  zoology 
by  Mr  Eyton  of  London,  who  has  compared  the  skeletons  of 


*  Carver's  Travels  in  North  America,  p.  417.     See  also  the  plates  of  the 
magnificent  Atlas  of  the  Prince  de  Wied's  Travels  in  this  country. 
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the  Chinese,  the  African,*  and  the  English  pig,  and  finds, 
that  while  they  agree  in  the  number  of  cervical  vertebrae  (as 
indeed 'all  quadrupeds  do),  there  is  a  remarkable  difference  iu 
each  of  the  other  classes  of  these  bones.  We  have  not  space 
for  details,  except  to  observe  tliat  tl|^  dorsal  vertebrae  vary 
from  thirteen  to  fifteen,  the  lumbar  from  four  to  six,  and  the 
caudal  from  thirteen  to  twenty.  Now,  as  far  as  time  and 
circumstances  had  allowed  the  experiment  to  proceed,  these 
several  animals  bred  freely  with  each  other,  and  in  the  in- 
stance of  the  Chinese  pig,  the  offspring  is  unciuestionably 
fruitful. 

Mr  Eyton  very  justly  remarks,  that  the  above  three  pigs 
must  be  considered  as  distinct  species,  or  osteological  cha- 
racters can  no  longer  be  received  as  criteria  of  species  ;  and 
Hamilton  Smith  has  arrived  at  the  conclusion,  that  there 
were  three,  if  not  four,  original  species,  endued  with  powers 
of  unlimited  reproduction. 

Feline  Hybrids. — These  animals,  at  least  the  domestic 
varieties,  had  long  been  regarded  as  of  one  species  ;  but  mo- 
dern researches  have  established  that  the  blue  or  Chartreuse 
cat,  originally  belonged  to  a  distinct  feline  group  ;  the  Bengal 
cat  of  Pennant  pertains  to  a  second ;  while  the  tortoise-shell 
cat  is  believed  to  have  sprung  from  a  third  group  originally 
indigenous  to  South  Americat-  I  believe  all  these  animals 
produce  with  each  other  a  fertile  offspring.  It  may  be  de- 
nied, however,  that  they  belong  to  different  species  ;  but  that 
the  domestic  cat  was  once  of  at  least  two  species,  seems  now 
decided  by  the  observation  of  Dr  Ruppell,  who  finds  the  em- 
balmed cat  of  the  Egyptians  to  correspond  to  the  Fells  ma- 
niculataX  of  Nubia,  and  not  to  the  Felis  domestica.  Where, 
then,  is  the  race  of  cats  once  so  abundant  in  ancient  Egypt  \ 


*  The  Sus  oBthiopicus  has  even  been  removed  to  a  separate  genus  by  Ouvier 
— PhcucQchceres.  {See  P.  ^Eliani  in  KuppeJ,  Atlas  zu  der  Eeise  in  Nord-Afrik^. 
p.  61. 

t  Hamilton  Smith,  Equidae,  p.  339. 

J  Atlas  zu  der  Reise  im  Nordlichen  Afrika,  p.  4,  tab.  1.  Prof.  Bell  has  also 
decided  that  the  Felis  catus,  found  wild  in  the  forests  of  tluropc,  is  different 
from  both  the  domestic  species. 
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They  have  probably  come  down  to  us  so  blended  with  qther 
species  that  their  identity  is  lost. 

De  Azara  states,  thf^t  in  the  forests  of  Paraguay  the  Felis 
yaguaruiidi  and  the  Felis  eyra,  both  unite  with  the  domestic 
cat ;  and  he  adds,  that  should  these  wild  species  become  in 
time  extirpated,  and  the  mixed  breed  alone  remain,  the  latter 
would  be  very  naturally  referred  with  all  its  varieties,  to  a 
single  original  species.* 

Mixed  breeds  have  also  been  obtained  between  the  black 
leopard  and  the  African  species,  and  between  the  lion  and 
the  tigress.  The  latter  cross  which  is  much  the  more  re- 
markable, produced  three  cubs,  which  were  doing  well  at  the 
time  the  facts  were  published. t  We  regret  that  no  further 
particulars  have  come  under  our  notice. 

Feline  and  Musteline  Hybrid. — A  most  remarkable  instance 
of  hybridity  between  the  cat  and  an  animal  of  a  totally  dis- 
tinct genus,  is  described  in  the  following  account,  which  is 
published  in  several  of  the  best  scientific  periodicals,  and  ap- 
pears to  be  well  authenticated.  "  A  domestic  cat  disappeared 
from  a  house  in  Penza.  After  being  absent  some  time,  she 
returned  ;  and  within  the  regular  time,  produced  four  young 
ones,  two  of  which  strongly  resembled  the  marten.  Their 
claws  were  not  retractile,  as  in  the  cat ;  and  the  snout  was 
elongated,  like  that  of  the  pine  marten,  {Mustela  martes.) 
The  two  others  of  the  same  litter  more  nearly  resembled  the 
cat ;  as  they  had  retractile  claws  and  round  heads.  Ail  of 
them  had  the  black  feet,  tail  and  ears  of  the  marten  ;  and 
they  killed  birds  and  small  animals  more  for  the  pleasure  of 
destroying  them  than  for  food.  The  proprietor  endeavoured 
to  multiply  this  race,  and  to  prevent  their  intermixing  with 
the  domestic  cats,  in  which  he  proved  highly  successful.  In 
the  space  of  a  few  years  he  reared  more  than  a  hundred  of 
these  animals.  A  specimen  presented  to  the  Imperial  So- 
ciety of  Natural  History  of  Moscow,  was  of  the  third  or  fourth 
generation,  and  it  retained  all  the  characters  of  the  first." J 


*  Quadrupeds  of  Paraguay,  i.,  p.  174. 

t    Vide  Griffith's  Cuvier,  ii.,  p.  448.     1827. 

♦  Loudon's  Mag.  of  Natural  History,  ix.,  p.  616  j  Griffith's  CuTier,  ii,,  p.  489^ 
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Professor  Pallas  has  described  and  figured  the  Peiisa  caU 
which  has  long  been  suspected  for  a  hybrid,  although  very 
prolific.  It  may  yet  prove  to  be  the  animal  we  have  just  de- 
scribed. 

Lepine  Hybrid, — Amoretti,  quoted  by  Rudolphi,  has  pub- 
lished the  history  of  a  cross  between  the  European  or  English 
rabbit,  Lepus  cuniculus,  and  the  hare  L.  limidus.* 

Phocine  Hybrid. — ^Finally,  among  mammiferous  animals,  it 
remains  to  notice  the  singular  fact  discovered  by  the  travel- 
ler Steller,  and  mentioned  by  Rudolphi,  that  the  sea-lion, 
Phocajubata,  of  Behring's  island,  produces  young  with  the 
sea-bear,  P.  ursina.  "  I  have  no  doubt  of  this  fact,"  adds 
Professor  Rudolphi,  "  since  Pallas  speaks  of  Steller  with  the 
greatest  respect,  and  Telesius  proved  the  accuracy  of  his  ob- 
servations." t 

Part  II. — Birds. 

Gallinaceous  Hybrids. — The  variation  of  size,  form  and 
plumage,  so  remarkable  among  the  different  breeds  of  domes- 
tic fowls,  has  been  usually  attributed  to  the  action  of  physi- 
cal agents  on  a  single  original  species.  This  supposition, 
however,  is  now  found  to  be  untenable ;  for  the  best  ornitho- 
logists, and  those,  too,  who  have  no  view  to  collateral  gene- 
ralization, have  succeeded  in  tracing  this  family  of  birds  to 
at  least  ten  diff^erent  species.  Without  appealing  to  unne- 
cessary details  it  is  sufficient  to  observe,  that  independently 
of  certain  admitted  changes  as  the  result  of  domestication, 
these  birds  are  in  farj^^reater  degree  modified  by  the  power 
possessed  by  their  several  species  (so  far,  at  least,  as  the  ex- 
periment has  been  extended),  of  mingling  with  each  other  and 
producing  a  fertile  hybrid  progeny.  Hence,  in  a  great  mea- 
sure, those  interminable  varieties  of  exterior  form,  size,  and 
colour  now  everywhere  familiar. J 


*  lludolphi,  Beytrage  zur  Anthropologie,  &c.,  p.  165. 

t  Ibid.     Loco  citat. — Prichard's  Researches,  i.,  p.  142. 

J  We  have  been  at  some  pains  to  ascertain  the  specific  names  of  the  several 
original  gallinaceous  birds;  yet  without  presuming  that  ornithologists  have  de- 
scrib^d  all  that  exist,  we  append  a  list  of  such  as  are  already  known  :   Gallus 


Dr  Morton  on  Hybrid  Animals  and  Plants.  277 

The  Gallus  ecaudatus  (tail-less  fowl)  has  been  triumphantly 
quoted  as  an  evidence  of  the  power  of  climate  and  locality  to 
produce  changes,  not  only  of  plumage,  but  of  anatomical  con- 
formation. This  bird  is  deficient  in  the  last  dorsal  vertebrae, 
and  consequently  has  no  tail.  But  it  was  asserted,  even  by 
some  naturalists,  that  this  fowl  was  originally  possessed  of  a 
tail,  but  lost  it  on  being  sent  from  England  to  Virginia,  and 
domesticated  in  the  latter  country.  More  recent  investiga- 
tiens,  however,  have  proved,  that  this  is  a  wild  native  species 
of  Ceylon.* 

The  fowl  with  rumpled  or  inverted  feathers,  which  was 
long  regarded  as  a  mere  accidental  variety,  is  now  believed 
to  be  a  distinct  species,  and  a  native  of  Guiana.  It  breeds 
with  all  the  other  domestic  fowls,  and  the  offspring  is  prolific 
without  end. 

Fortunately  for  the  further  elucidation  of  this  question,  the 
continent  of  America  produces  a  family  of  gallinaceous  birds, 
— the  Alectors  of  ornithologists, — among  which  the  very  same 
intermixture  of  species  takes  place,  and  consequent  fertile 
offspring,  as  we  have  remarked  in  the  several  species  of  do- 
mestic fowls.  All  the  Hoccos  or  Currasows  {Crax)  for  ex- 
ample, which  are  derived  from  their  native  forests  of  Guiana, 
readily  unite  with  each  other,  giving  rise  to  a  progeny  th|it  is 
reproductive  without  end.  "  It  is  probable,''  observes  a  judi- 
cious ornithologist,  '*  that  if  the  intercourse  were  repeated 
in  a  variety  of  ways,  it  would  be  possible  to  cultivate,  by  suit- 
able care,  many  different  races  of  these  birds,  whose  de- 
scendants might  be  susceptible  of  multiplying  ad  infinitum, 
and  branching  out  into  a  number  of  singular  varieties,  under 
the  superintendence  of  man."  \ 


hankiva  ;  O.  ceneus ;  O.  Anstrutheri ;  0.  furcatus  ;  Q.  Souneratii  ;  O.  Lafayettii  ; 
Q.  giganteus ;  6.  morio  ;  G.  lanatus ;  Q.  ecaudatus,  and  G.  crispus.  I  omit  several 
supposed  species,  which  may,  for  the  present,  be  regarded  as  apocryphal.  I 
have  had  the  pleasure  of  examining  Jive  of  these  original  species,  contained  in 
the  magnificent  Wilson  Collection  of  Birds,  now  deposited,  by  its  liberal  pro- 
prietor, in  the  Academy  of  Natural  Sciences  of  Philadelphia. 

*  Griffith's  Cuvier,  viii.,  pp.  19,  21,  173 ;  Temminck,  as  quoted  in  the  same 
work. 

t  Griffith's  Cuvier,  viii.,  p.  100. 
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In  fact,  the  Dutch  mehageries  liave  already  obtained  the 
prolific  hybrids  of  three  species  *  of  this  genus ;  and  it  has 
been  Observed  that  these  mixed  birds  have  their  plumage 
more  varied,  and  far  more  agreeable  to  the  eye,  than  the  uni- 
fOrhi  livery  of  the  adult  individuals  of  the  pure  race.t 

Here,  then,  we  have  a  family  of  wild  birds,  recently  re- 
claimed from  their  native  forests,  so  as  to  leave  no  possible 
question  of  their  origin  and  specific  diversity ;  and  by  inter- 
niixing  these  species  in  a  state  of  domestication,  We  have 
passing  under  our  eyes,  as  it  were,  the  identical  series  of 
phenomena,  those  very  same  changes,  which  are  so  remark- 
able and  so  familiar  in  the  common  fowl. 

Since  I  commenced  writing  this  essay,  I  have  met  with 
two  hybrid  gallinaceous  birds,  between  the  common  fowl  and 
the  Guinea  fowl  [Numida  meleagris).  They  were  bred  in  the 
state  of  Delaware,  and  possess,  in  a  remarkable  and  unequi- 
vocal manner,  the  exterior  characters  and  the  habits  of  both 
parents.  One  of  them  looks  more  like  the  common  fowl ; 
the  other,  on  the  contrary,  has  a  much  stronger  resemblance 
to  the  Guinea  fowl.  The  sounds  which  they  utter  are  inter- 
mediate, often  analogous  to  those  of  the  Guinea  fowl,  but  oc- 
casionally having  the  cluck  of  the  other  parent.  These  birds 
are  yet  living,  and  their  sex  has  not  been  positively  deter- 
mined, but  the  male  characters  appear  to  predominate. 

Since  they  came  under  my  notice,  I  have  heard  of  three 
other  examples  of  similar  hybrids  occurring  in  different 
parts  of  the  United  States;  but  no  progeny  has  resulted 
from  them.j 

Bechstein  states  that  the  cock  of  the  wood  {Tetrao  urogal- 
lus)  will  breed  with  the  black  grouse  (T.  tetrix)  and  even 
with  the  domestic  fowl  and  turkey.  White  of  Selborne§  gives 
a  plate  and  description  of  a  wild  hybrid,  between  the  phea- 
sant and  domestic  fowl ;  and  a  bird  of  the  same  kind  was  pre- 


*  Crax  alector,  C.  rubro,  and  C.  glohicera. 
t  Griffith's  Cuvier,  viii.,  p.  113. 

X  See  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  for 
September  1846. 

§  Naturalist's  Calendar,  for  1795. 
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served  in  the  Leverian  Museum  at  Oxford.  A  similar  ex- 
ample is  again  recorded  by  Mr  Eyton,  in  his  History  of  the 
rarer  British  Birds,  in  which  five  individuals  were  produced.* 

Further,  the  common  ring-pheasant  of  England  is  now  as- 
certained to  be  a  hybrid  between  the  Phasianus  colchicus  and 
P.  torquatus  of  China.  This  cross  is  very  prolific,  and  is  said 
to  be  spreading  faster  than  the  ordinary  breed. t  In  fine,  we 
are  informed,  on  the  best  authority,  that  "  many  of  the  birds 
which  compose  the  gallinaceous  order,  appear  to  be  less  dif- 
ficult to  be  brought  to  unite  with  strange  species,  than  those 
of  any  other  order.  From  the  great  majority  of  the  phea- 
sants, mongrels  may  be  thus  produced.  All  the  hoccos 
(Crax)  will  couple  in  a  state  of  domestication ;  the  pheasant 
will  ally  with  the  cock ;  the  last  with  the  turkey,  with  which, 
also,  the  hoccos,  born  in  the  domestic  state,  will  also  unite. 
It  appears,  in  fact,  very  possible  to  produce  mongrels  from 
the  major  part  of  those  Gallinse  which  are  susceptible  of  cul- 
tivation." J 

Hybrids  of  the  Fringillidw. — The  Finch  family  furnishes 
another  example  of  an  extensive  amalgamation  of  species, 
and  a  remarkable  series  of  prolific  hybrids.  Thus,  according 
to  Bechstein,  the  redpole  {Fringilla  linarid)  will  breed  with 
the  goldfinch,  linnet,  and  canary ;  while  the  cross  bebveen 
the  latter  and  the  goldfinch  is  capable  of  reproduction. 

The  Citril  finch  {F.  citrinella),  also,  readily  pairs  with  thei 
canary,  and  gives  rise  to  a  fertile  offspring ;  and,  indeed,  so 
remarkable  is  the  fecundity  of  these  hybrids,  and  the  ease 
with  which  they  reproduce  with  the  goldfinch,  bullfinch,  and 
greenfinch,  that  M.  Veilliot,  in  order  to  account  for  a  pheno- 
menon that  conflicted  with  the  prevalent  opinion  of  the  ste- 
rility of  all  hybrids,  assumed  that  the  F.  citrinella  and  F.  ca- 
naria  were  not  distinct  species,  but  only  two  races  that  had 
sprung  from  the  same  stock ;  and  that  one  having  colonized 
in  Europe,  and  the  other  in  the  Canary  Islands,  their  differ- 


*  Proceedings  of  the  Zoolog.  Society  of  London,  1835. 
t  Rennie,  in  Montagu's  Ornithological  Diet.,  p.  424. 

X  Griffith's  Cuvier,  viii.,  pp.  173,  175,  176 ;    Prichard,  Researches,  &c.,  i., 
p.  140. 
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ent  characteristics  were  owing  to  a  mere  difference  of  lo- 
cality.* 

On  the  other  hand,  those  persons  who,  for  pastime,  have 
given  great  attention  to  this  subject,  are  of  the  opinion  that 
the  cage-canary  is  not  derived  only  from  the  Frlngilla  cana- 
riay  but  that  it  is,  itself,  a  fertile  hybrid,  of  which  there  now 
exist  upwards  of  thirty  various  breeds. 

Syme,  who  has  written  on  the  British  song-birds,  says  that 
the  wild  canaries  of  the  islands  that  bear  that  name,  have 
less  resemblance  in  song  and  plumage  to  the  domestic  cana- 
ry, than  to  the  Siskin  of  Germany,  the  Venturon  of  Italy,  or 
the  Serin  of  France. 

The  celebrated  ornithologist  Bechstein  adds  the  following 
remarks :  "  We  might  almost  conclude  that  the  Venturon 
(F.  citrinelld),  the  Serin  (F.  serinus),  and  the  Siskin  {Cardu- 
elis  spinus),  are  the  wild  originals  of  the  cage-canary.  I  have 
seen  a  bird  produced  between  the  Siskin  and  Serin  which 
perfectly  resembled  the  variety  called  the  green  canary ; — 
I  have  also  seen  a  mule  from  a  grey  female  canary,  whose 
true  parentage  could  not  be  distinguished."  The  Siskin,  it 
will  be  observed,  belongs  to  a  different  genus  from  the  wild 
canary. 

The  canary  is  now  known  to  breed,  not  only  with  the  three 
species  just  mentioned,  but  also  with  the  linnet,  sparrow, 
chaffinch,  bunting,  greenfinch,  and  bullfinch;  and  with  several 
of  them  it  produces  a  fertile  offspring. 

M.  Veilliot  once  caught  a  mule  bird,  which  he  supposed  to 
be  the  produce  of  a  male  greenfinch  (F.  chloris)  and  a  female 
goldfinch  ;  for  it  mingled  the  size,  colour,  and  song  of  both 
these  species.  This  bird  did  not  appear  to  have  resulted 
from  the  domestication  of  the  parents,  for  it  remained  ex- 
tremely wild,  yet  was  brought  to  couple  with  a  female  ca- 
nary.f 

A  yet  more  remote  alliance,  that  between  a  canary  and  a 
nightingale,  produced  an  egg  that  could  not  be  hatched. 
This  fact  conjoined  with  others  to  which  we  have  adverted, 
illustrates  the  remark  of  Professor  Temminck,  that  the  oc- 

*  Griffith's  Cuvier,  vii.        271.  t  Idem,  p.  259. 
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currence  of  prolific  offspring  between  different  species  of  birds, 
is  an  evidence  of  the  near  affinity  between  them ;  and  that, 
when  the  reverse  takes  place  (infertile  mules),  it  proves  the 
disparity  between  the  species  thus  brought  together. 

Hybrids  of  the  Anatidoe. — The  cross  between  the  Anser 
cygnoides  and  the  common  tame  goose  of  Europe,  is  prover- 
bially frequent,  and  the  offspring  has  proved  prolific*  Mr 
Eyton  and  Mr  Blyth  have  recorded  examples  of  this  kind, 
and  M.  Chevreul  has  seen  the  progeny  extend  through  seven 
generations,  t 

The  Anser  canadensis  is  often  taken  in  the  United  States 
and  reduced  to  the  domestic  state,  in  which  it  crosses  with 
our  common  goose,  producing  a  hybrid  offspring,  which,  how- 
ever, appears  to  be  steril. 

The  swan  {Cygnus  olor)  has  crossed  with  the  common 
European  goose,  but  I  am  not  aware  that  the  hybridity  has 
been  noticed  beyond  the  first  offspring.  This  fact  is  quoted 
by  Dr  Prichard  from  M.  Frederick  Cuvier. 

Mr  Charles  Waterton,  the  celebrated  traveller,  has  pub- 
lished a  very  interesting  account  of  a  hybrid  between  the  fe- 
male Canada  goose  and  the  wild  Bernacle  gander  (Anser 
bernicla).X  This  fact  occurred  at  Mr  Waterton's  seat  at 
Walton  Hall,  England.  "  These  hybrids,"  he  observes,  'J  are 
elegantly  shaped,  but  are  not  so  large  as  the  mother,  nor  so 
small  as  the  father,  their  plumage  partaking  in  colour  with 
that  of  both  parents.  The  white  on  their  front  is  only  half 
as  much  as  is  seen  on  the  front  of  the  gander,  while  their 
necks  are  brown  in  lieu  of  the  coal-black  colour  which  ap- 
pears on  the  neck  of  the  goose.  Their  breasts,  too,  are  of  a 
dusky  colour,  while  the  breast  of  the  bernacle  is  black,  and 
that  of  the  Canadian  white  ;  and  throughout  the  whole  of  the 
remaining  plumage  there  may  be  seen  an  altered  and  modi- 
fied colouring,  not  to  be  traced  in  that  of  the  parent  birds." § 

It  remains  to  notice  some  instances  of  hybridity  among 

*  Loudon's  Magazine,  ix.,  p.    511.     Temminck,  Manuel  d'Ornithologie,  i., 
p.  109. — Eyton,  Monograph  of  Anatidae. 
t  Journal  des  Savans,  June  1846. 
X  Bcrnicia  brenta.  §  Essays  on  Nat.  History,  p.  118,  2d  edition. 
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different  species  of  ducks  ;  thus  a  cross  has  been  obtained  be- 
tween the  Anas  fuligula  of  Europe,  and  the  European  teal 
(Anas  querquedula)*  "  Selby  mentions  a  male  wigeon 
(Mareca  petielope)  breeding  with  a  female  pintail  (Anas 
acUia),  notwithstanding  the  fact  of  females  of  his  own  spe- 
cies being  kept  on  the  same  piece  of  water."  Other  crosses 
have  taken  place  between  the  pintail  and  the  common  mal- 
lard (Anas  boschas)  \\  and,  in  the  wild  state,  between  the 
latter  and  the  dusky  duck  {A.  obscura),  of  which  my  friend 
Mr  William  Gambel,  has  seen  a  specimen  in  the  possession 
of  Mr  J.  G.  Bell  of  New  York,  near  which  city  it  was  shot. 
A  much  indre  frequent  hybfid  occurs  between  the  mallard 
and  muscovy  duck  {A.  moschata). 

Mr  William  R.  Clapp  informs  me  that  he  saw  at  Rye 
Pond,  in  the  state  of  New  York,  a  female  wdld  duck  that  had 
been  taken  when  young  and  placed  in  company  with  the  com- 
mon tame  species,  and  that  a  fertile  hybrid  progeny  was  ob- 
tained from  them.  From  the  description  of  this  wild  bird,  I 
suppose  it  to  have  teen  the  Anas  rurfitorques. 

Other  Hybrid  Birds. — Among  bird-hybrids  it  only  remains 
to  notice  those  of  Motacilla  luguhris  and  M.  alba,  as  recorded 
by  Temminck,  and  which  possessed  colour  aiid  markings  in- 
termediate between  both  parents.  J  A  mixed  breed  has  been 
repeatedly  observed  in  Scotland  between  the  common  crow 
{Gorvus  cor  one),  and  the  hooded  crow  (C.  comix),  and 
another  mixed  species  between  the  latter  bird  and  the  carrion 
crow.  Finally,  a  hybrid  has  been  obtained  between  the 
throstle  (Turdus  musicus)  and  the  blackbird  {Meriila  vul- 
garis) of  Great  Britain.§ 

Part  III. — Reptiles,  Fishes,  Melius ca,  and  Insects. 

Among  reptiles,  I  hdve  found  but  a  single  authenticated 
example,  that  of  a  cross  between  the  European  frog  and  toad, 
which  are  generally  distinct.     (Bufo  and  Pdnd.)\\ 


*  Prichard.     Researches,  &c.,  i.,  p.  140,  from  M.  Geoffroy  St  Hilaire. 

t  Loudon's  Magazine,  ix,,  p.  G15. 

\  Manuel  d'Ornithologio,  i.,  p.  254.  §  Loudon's  Maga2ino,  ix.,  p.  615. 

II  Brande's  Diet,  of  Science,  &c.,  Art.  Hybrid. 
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Among  fishes,  specific  hybrids  have  been  obtained  by  means 
of  artificial  impregnation  between  Cyprinus  carpio  and  0.  ca- 
rassias,  and  between  the  former  species  and  C.  gibellio.*  "  De- 
fay  mentions  a  hybrid  between  the  bar  bus  and  carpio,  ftiid 
Bloch  a  similar  production  intermediate  between  Cyprinus 
blicco  and  C.  brama.^'] 

My  friend  Mr  S,  S.  Haldeman,  well  known  for  his  many 
and  accurate  contributions  to  various  branches  of  natural 
Science,  has  kindly  furnished  me  with  the  following  note  ill 
relation  to  some  American  freshwater  Mollusca,  in  connexioii 
with  the  present  enquiry. 

"  Whilst  I  deem  Unio  radiatus  and  U.  siliqtioideus  distinct 
species,  there  is  a  certain  variety,  apparently  of  the  latter, 
although  almost  precisely  intermediate,  which  induces  me  to 
believe  it  may  possibly  be  a  hybrid.  I  have  never,  however, 
seen  any  thing  like  a  hybrid  between  the  other  species  inhabit- 
ing the  eastern  waters  of  the  United  States,  although  I  have 
had  many  opportunities  for  observation. 

"  In  their  proper  localities,  no  species  can  be  more  readily 
separated  than  Pahidina  decisa  and  P.  ponder osa  ;  yet  inter- 
mediate individuals  occur,  which  it  is  extremely  difficult  if  not 
impossible  to  give  an  undoubted  place  with  either.  This  dif- 
ficulty has  sometimes  almost  induced  me  to  regard  the  two 
as  one  species  ;  but  when  I  found  that  the  best  developed 
specimens  of  P.  decisa  never  take  the  form  of  P.  ponderosa 
where  the  latter  is  not  found,  as  in  the  waters  east  of  the 
Alleghanies,  I  could  not  safely  unite  them.  Perhaps  hybridity 
may  be  the  cause  of  the  difficulty  where  the  two  species  occur 
in  the  same  locality." 

In  Entomology,  Mr  Haworth  has  published  some  highly 
interesting  facts  relating  to  hybrid  productions,  and  particu- 
larly in  respect  to  the  genus  Coccinella.  Fabricius  had 
noticed  and  published  some  of  these  facts  ;  but  Dr  Prichard 
remarks,  that  they  "  do  not  afford  an  equivocal  example  of 
the  union  of  different  species,  since,  according  to  the  opinion 
of  Illiger,  accidental  variieties  of  the  Coccinella  have  been  fre- 


*  Brande's  Diet,  of  Science,  &c.,  Art.  Hybrid. 
t  Prichard.     Researches,  &c.,  i,  p.  140. 
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quently  mistaken  for  distinct  kinds."*  Yet,  on  the  other 
hand,  Mr  Haworth  asserts  that  he  has  often  seen,  in  coitu, 
several  different  species  of  this  genus  ;  and  he  adds  the  fol- 
lowing observations : — 

"  That  they  mix  sexually  with  each  other,  when  their  proper 
mates  cannot  be  found,  is  well  known  ;  and  I  have  even  had 
larvw  produced  from  the  union  of  C.  tripunctata  and  C.  quad- 
ripustulata,w\uch,  but  for  an  accident,  would  have  been  reared. 
Yet  such  junctions  cannot  destroy  the  distinctions  of  the 
primitive  species,  although  it  may  give  birth  occasionally  to 
hybrid  broods  ;  not  barren,  but  capable  of  generating,  for  a 
while,  others  like  themselves.  Such,  in  all  probability,  are 
Coccinella  annulata  and  C.  fasciata.  If  these  two  had  never 
existed,  no  entomologist  would  have  conceived  that  all  the 
insects  of  this  section  and  C.  bipunctata  were  of  the  same 
species !     Wherefore  it  follows  that  they  are  not. 

"  Practical  entomologists  well  know  that  similar  unions 
happen  in  other  genera,  but  more  especially  in  Cicada  ;  and 
from  them  arise  occasionally  a  set  of  hybrid  varieties,  which 
still  do  not  overturn  the  primitive  distinctions  of  the  original 
species  whence  they  sprung,  however  difficult  they  may  some- 
times render  the  task  of  discriminating  amongst  such  a  set 
of  mongrel  productions. 

"  It  is  even  probable  that  two  species  of  distinct  sections 
may  occasionally  generate  a  race  very  different  from  both 
parents,  yet  resembling  both,  and  not  barren,  as  is  usually 
the  case  with  mules,  but  capable  of  procreating.  And  such  a 
brood  some  hold  to  be  a  new  and  distinct  species  in  the  scale 
of  nature — brought  to  light  by  her  own  operations,  and  in 
the  very  same  way  that  she  has  occasionally  multiplied,  and 
still  continues  to  increase,  the  stupendous  members  of  the 
vegetable  kingdom."t 

Part  IV, — Plants. 

Dr  Prichard,  as  the  result  of  extensive  inquiry,  informs 
us  that  the  number  of  hybrid  plants  in  the  wild  or  unculti- 

*  Vt  supra. 

t  Trans,  of  the  Entomological  Soc.  of  London,  i.,  pp.  267,  291. 
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vated  state,  is  about  forty ;  that  a  few  of  these  have  repro- 
duced, but  that  the  greater  part  of  them  are  steril.*  On  the 
other  hand,  it  is  asserted  by  Shiek,  that  a  multitude  of  plants 
produce  specifical  hybrids  in  a  state  of  nature.f 

There  are  innumerable  instances,  as  every  one  knov«rs,  of 
crosses  obtained  from  plants  of  different  species  of  the  same 
genera,  even  when  brought  from  the  most  distant  parts  of  the 
world,  as  the  experiments  of  Kolreuter,  Sagaret,  and  Herbert, 
abundantly  testify.  Not  only  are  these  hybrids  fertile,  but 
in  some  instances  their  reproductiveness  exceeds  that  of  the 
parent  plants,  by  multiplying  not  only  from  the  seed,  but  from 
roots,  shoots,  and  suckers.  The  intermixture  is  not  confined 
to  particular  species,  but  even  the  most  dissimilar  can  be 
crossed.  We  think  it  unnecessary  to  give  examples  when  the 
facts  are  available  to  every  one  ;  and  therefore,  in  respect  to 
the  blending  of  species  among  plants,  the  reader  is  particu- 
larly referred  to  the  admirable  essays  of  the  Rev.  Mr  Herbert 
and  M.  Sagaret.  J 

We  may  remark,  however,  that  so  abundant  are  these  hy- 
brids, that  Mr  Herbert,  in  order  to  avoid  the  difficulty  they 
present  to  a  favourite  theory,  declares  it  as  his  opinion,  that 
botanical  species  are  only  a  higher  and  more  permanent  class 
of  varieties,  which  should  be  discarded  from  the  systems, 
leaving  the  genera  to  define  the  individuality  of  kind ;  or,  in 
other  words,  to  designate  those  permanent  characteristics 
which  have  hitherto,  in  his  opinion,  been  erroneously  attri- 
buted to  species.  § 

But,  in  the  treatise  of  M.  Sagaret,  various  instances  are 
given  of  hybrid  plants  derived  from  the  mixture  of  different 
genera ;  thus  realizing,  in  this  department  of  nature,  the 
same  facts  that  we  have  seen  to  occur  in  the  several  sections 
of  the  zoological  series.  We  will  offer  a  single  example, — 
the  cross  between  the   horse-radish  {Cochlearia  raphanus) 


*  Researches,  &c.,  i.,  p.  139. 
t  Brande's  Diet,  of  Science,  Art.  Hybrid. 

X  Herbert.     Amaryllidaccae.    Introd. — Sagaret.    Annales  des  Sciences  Nat., 
T.  viii. 

§  Amaryllidaceae,  p.  19. 
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and  the  cabbage  ;  the  former  bearing  a  short  pod  or  silicula, 
the  latter  a  long  pod  or  siliqua. 

Remarks. 

While  we  admit  that  hybrids,  as  a  general  law,  are  con- 
trary to  nature,  we  are  also  compelled  to  concede  that  this 
law  has  very  many  exceptions.  "  It  is  manifest,"  says  Dr 
Prichard,  "  that  there  is  some  principle  in  nature  which  pre- 
vents the  intermixture  of  species,  and  maintains  the  order 
and  variety  of  the  animal  creation.  If  different  species  mixed 
their  breed,  and  hybrid  races  were  often  propagated,  the  ani- 
mal world  would  present  a  scene  of  confusion.  By  what  me- 
thod is  this  confusion  prevented  ?  The  fact  seems  to  be,  that 
the  tribes  of  wild  animals  are  preserved  distinct,  not  only  by 
the  sterility  of  mules,  but  that  such  animals  are  never,  in  the 
state  of  nature,  brought  into  existence.  The  separation  of 
distinct  species  is  sufficiently  provided  for  by  the  natural  re- 
jyugnance  between  individuals  of  different  kinds.  This  is,  in- 
deed, overcome  in  the  state  of  domestication^  in  which  the  na- 
tural propensities  cease,  in  a  great  measure,  to  direct  their 
actions.* 

But  we  have  seen  that  mules  are  not  always  steril,  and 
also  that  hybrids  are  really  produced  in  a  state  of  nature, 
wholly  independent  of  the  influence  of  cultivation ;  facts  which, 
indeed,  are  admitted  and  illustrated  by  Dr  Prichard  in  his 
later  writings.  That  domestication  evolves  the  faculty  of 
hybridity  there  can  be  no  question  ;  and  we  would  apply  the 
principle  to  various  classes  of  animals.  It  will  materially 
assist  in  explaining  so  great  a  variety  in  some  animals,  by 
pointing,  as  De  Azara  and  Hamilton  Smith  have  suggested, 
to  certain  primitive  species,  which  were  endowed  with  the 
capacity  for  reproducing  among  themselves,  especially  under 
the  influence  of  domestic  culture.  We  have  shewn  that  this 
fact  is  unquestionable  among  some  quadrupeds  and  some 
birds,  of  which  the  hybrid  varieties  have  been  cultivated  for 
the  uses  of  man. 


*  Researches  into  the  Physical  History  of  Mankind,  i.,  p.  97.   Second  Edition. 
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Could  we  trace  back  the  origin  and  history  of  various 
other  species,  we  should,  in  all  probability,  arrive  at  the  very 
same  result ;  for  it  appears  to  be  a  law  of  nature,  that  the 
faculty  possessed  by  different  species  of  animals  of  producing 
fertile  hybrid  offspring,  is  in  proportion  to  their  aptitude  for 
doinesticity. 

Now,  since  man  possesses  this  aptitude  in  the  highest  de- 
gree, being,  as  Blumenbach  expresses  it,  the  most  domestic 
of  animals,  it  would  be  nothing  singular  if  he  possessed  the 
power  of  fertile  hybridity,  even  if  the  human  family  should 
prove  to  embrace  several  distinct  species ;  because,  as  we 
have  fully  shewn,  this  phenomenon  is  not  unfrequent  among 
animals  whose  specific,  and  even  generic  diversities,  are  un- 
questionable. If,  therefore,  domestication,  or,  as  we  have 
termed  it,  the  aptitude  for  domesticity,  explains  the  fact  in 
one  instance,  it  certainly  does  so  in  the  other,  more  espe- 
cially since  fertile  reproduction  has  ceased  to  be  evidence  of 
identity  of  species. 

A  word  with  respect  to  the  theory  of  repugnance.  The 
same  phenomena,  moral  as  well  as  physical,  take  place,  to  a 
certain  extent,  among  men  as  among  animals ;  for  the  repug- 
nance of  some  human  races  to  mix  with  others,  has  only  been 
partially  overcome  by  centuries  of  proximity,  and,  above  all 
other  means,  by  the  moral  degradation  consequent  to  the 
state  of  slavery.  Not  only  is  this  repugnance  proverbial 
among  all  nations  of  the  European  stock  among  whom  ne- 
groes have  been  introduced,  but  it  appears  to  be  almost 
equally  natural  to  the  Africans  in  their  own  country,  towards 
such  Europeans  as  have  been  thrown  among  them  ;  for  with 
the  former  a  white  skin  is  not  more  admired  than  a  black  one 
is  with  us.* 


*  See  the  travels  of  Hawkins,  Browne,  Burkhardt,  Caillet,  (fee,  for  abundant 
evidence  of  this  fact. 

I  must  here  be  permitted  to  offer  a  single  additional  remark.  It  is  obvious 
that  while  cultivation  produces  obvious  changes  in  some  animals,  its  influence 
has  had  little  or  no  effect  on  others ;  for  example,  the  ass,  the  rat,  and  the  mouse, 
among  quadrupeds,  and  the  peacock  and  guinea-fowl  among  birds.  These  spe- 
cies have  been  domesticated  from  immemorial  time,  in  all  latitudes,  under  eviery 
conceivable  variety  of  circumstances.     Among  wild  birds  and  quadrupeds,  ou 
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Conclusions. 

1.  A  latent  power  of  hybridity  exists  in  many  animals  in 
the  wild  state,  in  which  state,  also,  hybrids  are  sometimes 
produced. 

2.  Hybridity  occurs  not  only  among  different  species,  but 
among  different  genera  ;  and  the  cross-breeds  have  been  pro- 
lific in  both  cases. 

3.  Domestication  does  not  cause  this  faculty,  but  merely 
evolves  it. 

4.  The  capacity  for  fertile  hybridity,  cceteribus  paribus, 
exists  in  animals  in  proportion  to  their  aptitude  for  domesti- 
city and  cultivation. 

5.  Since  various  different  species  of  animals  are  capable  of 
producing  together  a  prolific  hybrid  offspring,  hybridity 
ceases  to  be  a  test  of  specific  affiliation. 

6.  Consequently,  the  mere  fact  that  the  several  races  of 
mankind  produce  with  each  other  a  more  or  less  fertile  pro- 
geny, constitutes,  in  itself,  no  proof  of  the  unity  of  the  human 
species. 


A  Discourse.  By  John  Davy,  M.D.,  F.R.S.,  Inspector-Ge- 
neral of  Army  Hospitals,  Honorary  Member  of  the  Ge- 
neral Agricultural  Society  of  Barbadoes.  Read  at  their 
Third  Half- Yearly  Meeting  in  1847. 

Gentlemen, — In  the  discourse  I  am  about  to  have  the 
honour  to  address  to  you,  it  is  my  intention  to  bring  under 
your  notice  the  subject  of  manures.  To  you,  as  practical 
agriculturists,  I  need  not  insist  on,  or  endeavour  to  point 

the  other  hand,  some  undergo  very  remarkable  changes  in  a  state  of  nature,  as 
some  species  of  squirrel,  fox,  wolf,  &c.,  while  other  species  of  the  very  same 
genera  undergo  no  change  whatever.  Hence  the  fallacy  of  drawing  inferential 
conclusions  from  those  that  do  change,  in  order  to  explain  the  phenomena  of 
diversity  among  men. 

The  diversities  of  animals  are  in  some  cases  owing  to  exterior  causes  alone  ; 
in  other  instances  they  arise  solely  from  amalgamation  of  species ;  while  in  a 
third  class  we  can  trace  the  operation  of  both  these  agents. 
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out,  its  importance  ;  one  word  may  suffice  to  convey  an  idea 
of  it,  and  even  an  adequate  idea,  viz.,  that  manures  are  the 
food  of  plants.  And  this  definition  suggests  the  analogy 
that  exists  between  plants  and  animals,  and  which  I  shall 
dwell  on  for  a  moment,  and  revert  to,  because  I  believe  it 
to  be  instructive,  or  fitted  to  bring  clearly  to  the  mind  some 
general  views,  which  may  be  an  aid  in  discussing  the  sub- 
ject, considered  scientifically,  that  is,  as  regards  principles, 
or  general  rules  deduced  from  facts  or  experience,  and  them- 
selves applicable  to  practice. 

Plants  and  animals  have  in  common  the  distinctive  pro- 
perty of  reproduction,  a  power  exercised  by  means  either  of 
a  bud,  slip,  seed,  or  ovum  ;  the  seed  of  one  being  analogous 
to  the  ovum  of  the  other  ;  whilst  the  bud  or  slip-manner  of 
generation  are  common  to  both,  and  constitute  one  of  their 
most  remarkable  links.  Having  a  common  mode  of  origin, 
so  have  they  of  growth ;  as  the  animal  grows,  not  like  the 
mineral  from  accretion  from  without,  but  by  deposition  from 
within,  so  likewise  does  the  plant.  Both  plants  and  animals 
are  nourished,  and  owe  their  growth  to  foreign  matter  intro- 
duced from  without ;  and  both  cease  to  grow — both  waste  and 
ultimately  perish,  if  the  foreign  matter  constituting  their  food 
be  withdrawn.  To  both,  warmth,  light,  air,  and  moisture,>are, 
in  certain  degrees,  essential  to  their  well-being  ;  and  to  both, 
in  other  degrees,  these  are  injurious.  Wliilst  there  are  thus 
certain  resemblances  between  plants  and  animals,  there  are 
also  marked  and  characteristic  differences.  The  two  most  re- 
markable are  intimately  connected  with  the  subject  under  con- 
sideration,— the  kind  of  food  required  by  each,  and  the  kind  of 
organs  belonging  to  each  for  its  reception.  A  mouth  and  sto- 
mach appear  to  be  essential  to  the  animal,  in  which  the  food 
taken  is  prepared,  more  or  less,  for  distribution  and  nourish- 
ment. In  the  plant  the  preparation  appears  to  be  external — in 
the  soil,  from  whence  the  nutritive  fluid  is  absorbed  by  the 
delicate  rooM,  and  by  them  conveyed  for  distribution  where 
required.  Asto  food,  animals  are  dependent  for  their  support 
on  one  another,  or  on  vegetables.  Plants,  on  the  contrary, 
are  not  so  dependent ;  they  derive  their  support  from  the  soil 
and  from  the  atmosphere  ;  and  whilst  animals,  in  the  act  of 
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supporting  themselves,  convert  organic  into  inorganic  mat- 
ter, vegetables,  in  their  growth,  have  the  opposite  effect ; 
they  create  or  form  organic  from  inorganic  materials, — are, 
in  brief,  organizers  for  the  sustentation  of  animal  life.  Let 
lis  take  an  example — A  single  seed  of  Quinea  corn,  weighing 
about  a  quarter  of  a  grain,  planted  in  an  artificial  soil,  com- 
posed of  several  earths,  and  containing  a  little  phosphate  of 
lime,  and  salts  of  the  vegetable  and  volatile  alkali,  under  fa- 
vourable circumstances,  with  sufficiency  of  moisture  from 
rain,  will  rapidly  vegetate,  give  rise  to  a  plant  many  feet  in 
height,  and  in  less  than  six  months  yield  a  ripe  head  of  corn, 
weighing,  in  its  dry  state,  1685  grains,  and  containing  3537 
grains  of  seed  ;  for  such  I  have  found  to  be  the  weight  of  a 
head  of  average  size,  and  such  the  number  of  the  seed  it  con- 
tained ;  the  weight  of  the  seed  alone  was  1460  grains.  What 
a  vast  increase  is  here  !  And,  if  we  examine  the  parts  of  the 
plant,  its  roots,  its  stem,  its  leaves,  its  seed,  we  shall  find 
them  composed  of  substances  differing  altogether  from  the 
materials  which  had  constituted  the  food  of  the  plant,  a  dif- 
ference depending  on  a  new  combination  of  elements  from, 
in  brief,  inorganic  to  organic  compounds. 

There  is  another  point  of  difference,  and  a  very  interesting 
one,  between  plants  and  animals, — the  effect  they  have  on  the 
atmosphere,  comparing  the  leaves  of  the  one  with  the  lungs 
of  the  other.  Animals  inhale  common  air,  consisting  of  azote 
and  oxygen  ;  a  portion  of  the  latter  disappears,  and  its  place 
is  supplied  by  carbonic  acid,  which  is  a  compound  of  carbon 
and  oxygen,  and  which  is  expired  ;  and  consequently,  in 
respiration,  animals  are  consumers  of  carbon,  and  its  con- 
sumption is  attended  with  the  production  of  animal  heat. 
Vegetables,  on  the  contrary,  absorb  or  take  in  carbonic  acid, 
^nd  exhale  oxygen  by  their  leaves,  and  consequently  are  ac- 
cumulators of  carbon  ;  and  it  may  be,  have  the  effect  in 
evolving  oxygen,  of  occasioning  a  reduction  of  temperature, 
or  of  creating  a  cooling  process,  the  opposite  of  that  of  the 
animal-heating  process.  Should  this  be  proved  to  be  the 
case,  it  will  be  another  example  of  wise  and  most  happy 
adaptation. 

I  have  spoken  of  vegetables,  as  organizers,  or  the  pro- 
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ducers  of  organic  compounds  for  tjae  support  of  animal  life. 
Taking  another  view,  animals  may  be  considered  as  perform- 
ing a  part  as  essential  to  vegetable  life,  that  of  disorgan- 
izers ;  what  is  excrementious  from  them  being  so  reduced 
as  to  have  the  character  rather  of  inorganic  than  of  organic 
compounds,  whether  it  be  carbonic  acid  with  which  they  con- 
taminate the  air  in  respiration,  their  gaseous  excrement,  or 
their  liquid  and  consistent,  derived  from  the  other  excreting 
organs  and  passages  of  the  body.  These  matters  which  arc 
destructive  to  animals,  and  not  only  to  the  animals  that  void 
them,  but  to  animals  generally,  may  be  held  to  be  the  highest 
kind  and  most  appropi*iate  food  of  plants.  And  the  more  we 
reflect  on  this,  the  more  we  are  convinced  of  its  truth — the 
more  we  must  admire  the  connection  and  mutual  depend- 
ence. The  animal  enriching  the  air  for  the  use  of  the  plant, 
the  plant  purifying  the  air  for  the  use  of  the  animal,  and 
the  same  in  regard  to  the  soil,  afford  a  lesson  to  man  of  a 
very  instructive  kind,  most  beneficial  when  carried  practi- 
cally into  effect,  most  injurious  when  neglected  ;  in  the  one 
instance  insuring  fertility,  and  I  may  add  salubrity  ;  in  the 
other,  the  production  of  sterility  and  disease. 

Let  us  now,  for  a  moment,  take  a  glance  at  the  composi- 
tion of  plants  and  animals.  Both  may  be  considered  as  c^im- 
posed  of  nearly  the  same  elements, — few  in  number,  but  va- 
riously united,  so  as  to  give  rise  to  very  many  different  com- 
pounds. The  principal  constituent  elements  of  both  are  car- 
bon, hydrogen,  and  azote,  oxygen,  lime,  potash,  silica,  and 
phosphorus.  Of  these,  carbon  and  silica  preponderate  in 
plants  (silica,  indeed,  strictly  is  confined  to  plants) ;  azote 
and  phosphorus  preponderate  in  animals.  In  plants,  a  large 
proportion  of  carbon  and  silica  are  expended  in  forming  the 
woody  fibre,  the  framework  of  the  vegetable  structure,  and 
the  epidermis,  the  resisting  outer  covering ;  whilst  in  ani- 
mals, the  azote  and  phosphorus  are  .as  largely  expended  in 
producing  the  organs  of  locomotion, — the  muscles  and  bones. 
And  in  each  instance  we  witness  the  usual  happy  economy 
of  nature,  and  fitness  of  means  to  an  end.  Plants  being 
fixed  to  the  soil,  take  from  it  that  which  is  almost  always 
abundant  in  a  fertile  soil,  silica y  a  substance,  even  in  a  thin 
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and  delicate  layer,  imparting  great  power  of  resistance,  and 
far  less  soluble  when  acted  on  by  rain,  than  the  less  common, 
or  at  least  less  abundant,  phosphate  of  lime.  Animals,  on 
the  contrary,  being  able  to  range  abroad  in  quest  of  food, 
select  such  as  contain  phosphate  of  lime  and  azote,  and  in 
such  compounds  as  admit  of  digestion  and  assimilation,  and 
conversion  into  bone  and  muscle,  following,  in  so  doing,  their 
natural  tastes,  undoubtedly  instinctively  directed. 

Leaving  these  general  views,  it  may  be  well  to  consider 
the  subject  we  have  entered  upon  somewhat  in  its  details. 

Physiologists  who  have  directed  their  attention  especially 
to  the  food  of  animals,  have  arrived  at  the  conclusion,  that, 
amidst  the  extraordinary  variety  of  articles  capable  of  sup- 
porting animal  life,  there  are  three  w^hich  may  be  considered 
as  of  most  importance,  and,  as  it  were,  elemen^tary  alimen- 
tary substances — substances  which  are  found  in  milk,  viz., 
an  albuminous  matter,  the  curd  ;  an  oily  matter,  the  cream  ; 
a  saccharine  matter,  the  sugar-of-milk.  It  seems  to  be 
proved  by  a  wide  induction  of  facts,  that  articles  containing 
these  substances,  or  their  analogues,  such  as  starch  for  sugar, 
muscle  for  curd,  any  kind  of  fat  for  cream,  are  fit  for  the  food 
of  animals  generally,  and  that  no  articles  are  fit  that  do  not 
contain  more  or  less  of  these.  These  substances,  taken  into 
the  stomach,  are  converted  into  a  pultaceous  semifluid 
chyme,  from  whence  a  milk-like  chyle  is  formed,  and  from 
whence  blood,  by  which  every  part  of  the  body  is  nourished, 
in  its  constant  circulation. 

The  results  of  the  inquiries  of  physiologists,  as  regards 
the  food  of  vegetables,  have  not  been  so  well  defined  and  sa- 
tisfactory. As  the  sap  of  plants  is  a  fluid,  and  transparent, 
we  are  sure  that  complete  solution  is  essential  as  a  prelimi- 
nary, and  that  nothing  enters  the  spongioles  of  the  roots,  or- 
ganic in  its  structure — a  state  of  perfect  solution  being  incom- 
patible with  such  structure.  The  principal  part  of  the  sap  is 
water ;  in  it  are  dissolved  carbonic  acid,  phosphate  of  lime, 
carbonate  of  lime,  carbonate  of  potash,  and  in  very  many  in- 
stances silica.  And  these  inorganic  substances,  I  appre- 
hend, are  to  the  plant  for  its  food  what  the  organic  sub- 
stances before  mentioned  are  to  the  animal  for  the  same 
purpose ;  and  these  are  not  less  elementary  than  those,  as 
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nutritive  principles.  The  sap  so  impregnated  passes  from 
the  rootlets  by  ascending  vessels  to  the  leaves,  undergoing 
some  change  in  its  passage,  but  a  greater  change  in  the 
leaves,  w^here  carbonic  acid  gas  is  decomposed  under  the  in- 
fluence of  light,  oxygen  evolved,  and  woody  fibre  either  formed 
completely,  or  a  substance  formed  about  to  become  woody 
fibre,  and  to  be  deposited  by  the  sap  in  its  descent  through 
another  order  of  vessels.  And  as  in  the  animal  frame,  very 
different  compounds  are  secreted  by  different  glands,  so  too, 
in  the  vegetable,  a  vast  variety  of  compounds  are  produced 
by  an  analogous  function  of  secretion  ;  tubes  and  cells  in  the 
latter  corresponding  to  glands  in  the  former,  the  ultimate 
structure  of  which  is  also  similar,  the  glands  being  congeries 
of  tubes  or  cells. 

Returning  to  the  sap,  it  may  be  asked — and  it  is  an  import- 
ant question — how  are  certain  of  the  substances,  which  I  have 
mentioned  as  essential  to  this  nutritive  fluid,  dissolved  in  the 
water  of  the  sap,  such  as  phosphate  of  lime,  carbonate  of 
lime,  silica, — themselves  insoluble  in  water  I  My  belief  is, 
and  it  is  founded  upon  experiments  which  I  have  made,  that 
their  solution  is  effected  by  the  carbonic  acid  in  the  sap.  It 
is  well  known  how  soluble  carbonate  of  lime,  and  I  may 
add  carbonate  of  magnesia,  is  in  water  containing  carbonic 
acid ; — it  is  quite  certain  that  phosphate  of  lime  is  also  so- 
luble in  the  same,  and  that  not  in  an  inconsiderable  degree ; 
and  the  experiments  which  I  have  made  on  silica,  to  me  are 
convincing  that  it  likewise  is  soluble  in  water  impregnated 
with  carbonic  acid,  though  in  a  degree  very  much  less  than 
phosphate  of  lime. 

Taking  this  for  granted,  a  certain  simplicity  is  imparted 
to  the  nutritive  process  of  plants.  A  fluid  medium,  water, 
holding  a  gaseous  acid,  carbonic  acid,  is  the  menstruum  of 
the  inorganic  substances  derived  from  the  soil,  which  the 
plant  requires  for  its  healthy  growth.  This  compound  solu- 
tion becomes  exposed,  in  the  leaves,  to  the  action  of  light, 
and  to  the  evaporating  agency  of  the  winds ;  the  carbonic 
acid  undergoes  decomposition,  as  already  mentioned,  carbon 
being  detained  for  the  use  of  the  plant,  oxygen  being  ex- 
haled ;  a  portion  of  the  water  is  removed  by  evaporation. 
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d.nd,  in  consequence,  the  solvent  power  of  the  mensirutmi 
ii  diminished,  and  depositions  of  silica,  and  carbonate  of 
lime,  and  other  ingredients,  take  place.  This  view,  it  ap- 
pears to  me,  is  not  only  recommended  by  its  simplicity,  but 
also  by  a  certain  beauty  and  exactness  of  adjustment,  and 
economy  of  means.  Is  it  not  very  admirable  that  a  gaseous 
acid,  which,  with  water,  is  to  yield  to  the  plant,  by  decompo- 
sition, its  organic  elements,  should  be  the  solvent  and  vehicle 
of  its  inorganic  parts  1 

Limited  as  I  am  in  the  delivery  of  this  discourse  by  time, 
my  main  object  has  been  to  give  general  views,  precise  in 
themselves,  and  I  believe  correct,  and  involving  principles 
capable  of  being  carried  out  into  practice, — the  test  and  con- 
firmation of  scientific  truths. 

On  the  practical  part  of  the  subject  of  Manures,  it  is  not 
my  intention  to  enter  at  any  length.  I  have  neither  time  for 
it,  nor  the  experience  to  do  it  justice,  or  to  treat  of  it  in  the 
manner  I  could  wish.  In  the  farther  observations  which  I 
propose  to  make,  I  shall  restrict  myself  to  such  remarks  as  I 
hope  may  be  suggestive, — may  excite  curiosity  and  inquiry, 
and  so  have  a  chance  of  being  useful ;  intelligent  inquiry 
being,  as  I  think,  the  one  thing  perhaps  the  most  needful, — 
without  which  agriculture  can  never  speedily  advance,  and 
under  which  it  cannot  fail  to  advance,  and  from  an  art, 
which  it  is  at  present,  and  obscure  in  many  of  its  parts,  be- 
come a  science,  as  certain  as  to  results  as  is  compatible  with 
the  uncertainty  of  the  weather,  and  of  other  cii»cumstances 
not  under  the  controlling  power  of  man. 

What  are  the  principal  sources  of  manures,  or  of  fertiliz- 
ing means  \  1  shall  briefly  speak  of  them  under  a  few  heads. 
1*^,  Atmospheric,  chiefly  in  the  form  of  rain  ;  2dli/,  Of  ani- 
mal matter ;  Zdli/,  Of  vegetable  matter  ;  and,  lasili/,  Of  mi- 
neral. 

1^^,  Of  the  fertilizing  means  derived  from  the  atmosphere. 
The  atmosphere,  as  you  are  aware,  is  a  mixture  of  two  gases, 
azote  and  oxygen,  in  certain,  almost  constant  proportions  ; 
and  of  carbonic  acid  and  aqueous  vapour, — the  former  in 
small  quantity,  little  variable,— the  latter  in  a  variable  quan- 
tity, and  extremely  variable  according  to  circumstances  of 
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temperature  and  other  influences  oil  which  its  increase  and 
diminution  depend.  And,  besides  these  ingredients,  there  is 
reason  to  infer,  that  various  other  substances  are  either  sus- 
pended, floating  as  minute  particles  or  dissolved  in  the  air, 
such  as  carbonate  of  ammonia,  common  salt,  and  some  other 
salts  derived  from  the  sea,  and  dust  of  several  kinds.  The 
most  important  of  all  these  atmospheric  ingredients  are,  un- 
doubtedly, the  oxygen,  azote,  carbonic  acid,  aqueous  vapour, 
and  ammoniacal  salt.  I  should  exceed  my  limits  as  to  time, 
were  I  to  enter  into  particulars  on  the  fertilizing  agency  of 
either  one  of  these  substances.  Aqueous  vapour  condensed 
and  precipitated,  you  know,  occasions  rain, — is,  in  fact,  rain. 
When  it  falls,  it  brings  down  with  it  carbonic  acid,  some  oxy- 
gen and  azote,  and,  there  is  reason  to  believe,  a  minute  portion 
of  carbonate  of  ammonia — all  dissolved  in  it.  Moistening  dead 
vegetable  and  animal  matter  at  the  surface  of  the  earth,  it 
favours  their  decomposition,  and  the  evolution  of  carbonic 
acid  and  of  carbonate  of  ammonia  ;  penetrating  beneath  the 
surface,  descending  into  the  soil,  it  has  a  like  eff'ect  there  ; 
and  there  becoming  impregnated  by  its  solvent  j^ower  with 
what  is  found  in  a  fertile  soil, — the  substances  already  al- 
luded to,  as  phosphate  of  lime,  carbonate  of  limd  and  mag- 
nesia, carbonate  of  potash,  and  silica, — it  passes  into  the 
growing  plant,  absorbed  by  its  roots,  and  becomes  its  nutri- 
tive sap.  Thus  complicated  is  rain  ih  its  agency ;  so  various 
are  the  circumstances  which  concur  to  this  agency,  and  so 
happily  are  they  connected,  one  favouring  the  action  of  the 
other,  and  all  promoting  the  process  of  vegetation.  Reflect- 
ing on  these  circumstances,  we  cease  to  wonder  at  the  growth 
of  forests  in  a  state  of  nature,  in  which  for  a  long  series  of 
years,  vegetable  matter,  living  or  dead,  is  constantly  accu- 
mulating, deriving  its  elements  solely  from  the  atmosphere 
and  the  soil,  and  by  what  it  abstracts  from  the  former  greatly 
enriching  the  latter. 

2dli/.  Of  the  fertilizing  means  derived  from  animal  mattet* 
I  have  already  alluded  to  the  composition  of  animal  matter, 
and  how,  as  regards  its  ultimate  elements,  excepting  that  it 
contains  no  silica,  it  diff"ers,  compared  with  those  of  vege- 
tables, rather  in  proportion  than  kind.     Readily  putrefying 
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under  the  influence  of  oxygen  and  moisture  ; — readily  giving 
up  its  elements,  in  the  form  of  carbonic  acid,  carbonate  of 
ammonia,  phosphate  of  lime, — it  is  easy  to  conceive  how  it 
may  promote  vegetable  growth,  and  especially  the  growth  of 
those  plants  into  the  composition  of  which  much  azote  and 
phosphate  of  lime  enter, — as  in  the  instance  of  all  the  corn- 
bearing  grasses,  and  all  the  leguminous  plants,  and,  in  brief, 
all  those  which  are  highly  nourishing  as  the  food  of  animals. 
When  I  speak  of  animal  matter,  I  speak  of  it  almost  without 
exception,  every  part  of  an  animal — (excepting,  indeed,  fat, 
a  substance  which  contains  no  azote  or  phosphate  of  lime) — 
being  adapted  by  its  composition  to  have  a  fertilizing  effect, 
whether  bone  or  hair,  skin  or  muscle,  whether  blood  or  urine. 
This  general  fitness  of  animal  matter  for  the  purposes  of 
manure  is  most  deserving  of  being  kept  in  mind,  associated 
with  the  fact,  that  the  animal  matter  does  not  act,  except 
when  undergoing  decomposition  ;  that  is,  it  is  not  the  blood 
that  fertilizes  applied  to  the  soil,  but  the  elements  of  the 
blood,  and  so  of  the  urine  and  other  excreta.  I  beg  to  call 
your  attention  to  this,  because  it  appears  to  me  that  econo- 
my is  not  observed  in  the  West  Indies  in  the  use  of  animal 
manures.  Large  quantities  of  guano  are  imported  at  a  great 
cost,  and  applied  to  your  cane-fields,  whilst  the  bones  of  all 
the  cattle  that  are  killed  for  the  market,  or  die  of  disease, 
are  neglected.  I  speak  of  guano  and  bones  thus  together, 
because  guano  contains  a  large  proportion  of  the  same  ingre- 
dients as  bone,  viz.,  phosphate  of  lime,  and  so  far  they  are 
adapted  to  act  the  same  part.  Besides  phosphate  of  lime, 
guano  contains  ammoniacal  salts.  It  is  a  matter,  as  you  are 
no  doubt  aware,  derived  from  the  excreta  of  sea-fowl— their 
urine  and  dung,  partially  decomposed.  Its  nature  should  be 
remembered :  it  should  be  remembered  that  the  excreta  of 
other  animals  are  hardly  less  valuable,  and,  without  excep- 
tion, and  as  before  observed,  these  are  the  matters  rejected 
by  animals,  and  noxious  to  them,  which  seem  by  nature  spe- 
cially intended  to  be  the  food  of  plants.  Though  it  little  at- 
tracts common  attention,  there  is  not  an  animal  in  its  wild 
state  that  does  not  promote  vegetable  life  ;  the  urinary  se- 
cretion of  the  smallest  insect  differs  but  little  from  that  of 
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the  sea  fowl,  the  source  of  guano ;  and,  in  consequence,  even 
when  insects  are  destructive  they  may  fertilize,  so  that  some- 
times it  may  be  a  problem  whether  the  good  effected  by  them 
in  one  way  may  not  preponderate  over  the  evil  they  occasion 
in  the  other.  But  it  is  not  my  wish  to  appear  paradoxical ; 
I  mention  these  circumstances  because  I  believe  them  to  be 
deserving  of  attention,  and  fit  to  illustrate  the  nature  of  ani- 
mal manures. 

^dly^  Of  the  fertilizing  means  derived  from  vegetable  mat- 
ter. That  vegetable  matter  should  be  fit  to  be  the  food 
of  plants,  is  most  easy  to  conceive  a  priori;  and  that  it  is  fit, 
is  proved  by  the  most  extensive  experience,  and  this,  gene- 
rally, and  without  exception,  in  different  degrees,  as  in  the 
instance  of  animal  matter ;  and,  also,  as  in  the  instance  of 
animal  matter  v*^hen  undergoing  decomposition, — that  is, 
when  under  the  influence  of  moisture  and  atmospheric  air, 
the  vegetable  matter  is  becoming  resolved  into  the  com- 
pounds from  whence  it  originated.  It  is  a  happy  circum- 
stance for  agriculture,  that  vegetable  matter  in  a  dry  state 
undergoes  little  or  no  change  on  the  surface  of  the  soil ;  it 
also  is  a  happy  circumstance,  that  it  undergoes  little  or  no 
change  under  the  soil,  even  when  moist,  if  atmospheric  air 
be  excluded.  Moisture  and  atmospheric  air  are  essential  to 
the  growth  of  plants  ;  and,  being  essential  also  to  the  de- 
composition of  vegetable  matter,  the  latter  takes  place  when 
it  can  be  useful  to  the  former.  One  of  the  peculiarities  of 
cane  cultivation  in  Barbadoes,  and,  I  apprehend,  a  very  judi- 
cious one,  is  the  strewing  of  the  leaves  of  the  last  crop  on 
the  surface  of  the  cane-field  to  protect  the  young  plants  from 
the  sun's  rays  and  from  parching  winds.  Conjoined  with 
this  effect,  is  another  which  takes  place,  though  I  believe  not 
contemplated,  viz.,  that  of  manuring  the  young  canes.  So 
long  as  drouglit  prevails,  the  old  leaves  are  protectors,  them- 
selves unchanged  ;  so  soon  as  the  rains  set  in,  even  if  there 
be  only  a  single  shower,  their  decomposition  commences,  and 
their  fertilizing  influence  is  exerted. 

An  idea  commonly  prevails,  that  soils  by  long  culture  are 
worn  out  and  exhausted.     Under  one  system  of  cultivation 
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this  may  be, — as  when  the  crops,  the  produce  of  the  soil,  are 
in  no  part  returned  to  it ;  but,  it  cannot  be  in  ordinary  course, 
if  the  reverse  practice  be  observed  ;  the  tendency  of  vegeta- 
tion being  to  enrich  the  soil :  in  brief,  the  great  fertility  of 
what  are  called  virgin  soils,  appears  to  be  owing,  not  to  a 
state  that  the  word  implies,  but  to  the  plants  which  have 
grown  on  such  a  soil,  having  undergone  decay  there,  and  by 
their  decay  manured  and  enriched  the  soil.  Take  the  ex- 
ample of  a  native  forest : — the  trees  composing  it  spread 
their  roots  in  all  directions  and  to  a  considerable  depth,  from 
whence  they  collect  the  inorganic  materials  requisite  ;  these 
are  conveyed  into  the  leaves  and  into  the  wood  of  the  trunk 
and  branches,  in  which  also,  carbon,  derived  from  the  atmo- 
sphere, is  stored ;  the  leaves  fall  and  decay,  and,  in  time,  the 
trees,  and  decompose,  and  in  decomposing  give  carbonaceous 
matter  to  the  soil,  and  restore  the  inorganic  materials  ex- 
tracted, and  as  it  were,  collected  and  concentrated.  Such  is 
the  natural  tendency  of  vegetation  ;  and  such  also  is  the  effect 
of  judicious  management,  when  green  crops  are  plough ed-in 
as  manure,  or  when  the  greater  part  of  the  ripe  crop  is  re- 
turned to  the  soil,  w^hetlier  directly,  as  in  the  instance  of  the 
application  mentioned  of  the  leaves  of  the  cane  to  the  surface 
of  the  soil ;  or,  indirectly  in  the  state  of  stable-dung,  or  pen- 
manure,  the  vegetable  matter  having  been  first  used  as 
forage.  This  view  is  simple  and  clear,  resting  on  the  prin- 
ciple that  vegetable  growth  and  the  enrichment  of  the  soil 
are  concomitant ;  and,  I  believe,  that  generally  it  is  a  prin- 
ciple of  practical  application.  There  are,  however,  facts  de- 
serving of  attention,  and  of  careful  study,  which  prove  that 
the  growing  of  plants  of  the  same  kind  for  a  series  of  years, 
the  plants  decaying  where  they  grew,  has  an  injurious  effect 
on  the  soil,  as  regards  its  power  of  supporting  these  plants, 
indicated  by  their  disappearing,  followed  by  other  species 
which  grow  luxuriantly,  proving  unexhausted  fertility,  that 
is,  that  the  soil  has  been  so  modified  by  one  species  as  to  be 
rendered  unfavourable  to  it,  and  yet  favourable  to  another 
species.  Now,  what  is  witnessed  in  a  striking  manner  as  the 
result  of  a  long  series  of  years  in  the  soils  under  forest  growth, 
may  take  place,  though  not  in  a  marked  manner,  from  year 
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to  year  in  artificial  culture  ;  one  plant,  though  not  carried  off 
the  soil,  may  be  injurious  in  preparation  for  a  crop  of  another 
plant.  I  make  this  remark,  keeping  in  mind  a  fact  which 
was  mentioned  to  me  by  a  gentleman  of  Barbadoes,  one  of  its 
ablest  practical  agriculturists  ;  it  was,  that  on  some  estates  in 
this  island,  the  growing  of  guinea  corn,  and  the  ploughing  or 
turning  it  into  the  soil  in  its  green  state,  had  a  decidedly  in- 
jurious effect.  This  partial  effect,  and  the  effect  before  al- 
luded to,  are  problems  which  are  yet  unsolved,  doubtlessly 
admitting  of  solution,  but  of  solution  which  can  only  be  at- 
tained by  scientific  inquiry.  In  the  instance  first  mentioned, 
the  soil  beyond  a  certain  depth  may  be  exhausted  of  the 
inorganic  matter  required  by  the  plant,  and  which  may  be 
accumulated  at  the  surface  in  a  state  unfavourable  to  the  ex- 
hausting species,  and  yet  favourable  to  another  species.  In 
the  last  mentioned  instance,  the  guinea  corn  may  so  unite 
the  inorganic  elements  which  it  extracts  and  returns  to  the 
soil,  make  such  compounds  of  them,  as  to  be  unfavourable 
either  to  their  solution  and  entering  the  sap,  or,  if  soluble, 
to  their  affording  supporting  nourishment  to  the  cane.  These 
are  mere  conjectures ;  but  whether  true  or  false,  can  be  de- 
termined only  by  exact  research. 

Lastly^  Of  the  fertilizing  means  derived  from  mineral  or 
inorganic  matter.  The  most  fertile  soils  appears  to  be  those 
which  are  most  compounded,  which  contain  the  largest  num- 
ber of  the  inorganic  elements  of  plants,  and  in  a  state  of 
minute  division,  favouring  their  solution  to  enter  into  the 
composition  of  the  nutritive  sap.  Lime,  magnesia,  silica, 
potash,  phosphate  of  lime,  may  be  mentioned  as  the  most  im- 
portant of  these  ;  and  these  may  exist  in  the  soil  in  different 
states, — either  as  free,  uncombined,  or  in  combination,  con- 
stituting mineral  species.  If  the  former,  they  are  more 
readily  yielded  up  to  the  growing  plants,  and  the  soil  with- 
out care  is  in  danger  of  being  sooner  exhausted  ;  if  the  lat- 
ter, they  are  yielded  up  more  slowly  as  the  minerals  decom- 
pose, and,  in  consequence,  exhaustion,  even  with  bad  manage- 
ment, is  difficult.  Such  fertilizing  means  as  these  in  the 
soil,  depending  on  its  supplying  the  inorganic  elements  of 
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plants,  are  obvious.  There  is  another  source  of  fertility  in 
the  soil  of  a  more  obscure  kind.  There  are  some  soils,  for 
example,  capable  of  yielding  nitre,  and  that  for  successive 
years.  Nitre,  you  know,  is  a  compound  of  nitric  acid  and 
potash.  When  formed  in  a  soil,  there  is  reason  to  infer  that 
invariably  the  alkali  is  furnished  by  the  soil,  derived  from  a 
compound  mineral,  and  that  the  elements  of  the  acid,  azote 
and  oxygen,  are  furnished  by  the  atmosphere,  and  that  in  con- 
sequence of  certain  ingredients  in  the  soil,  favouring  the 
union  of  these  elements,  especially  lime,  the  acid  is  formed 
and  the  salt  is  produced.  So  there  are  other  conditions  of 
soil  in  which  clay,  and  perhaps  oxide  of  iron,  act  a  part,  pro- 
moting the  production  from  its  elements,  viz.  azote  and  hy- 
drogen, of  ammonia,  or  the  volatile  alkali.  And,  as  the  sub- 
stances first  mentioned,  lime,  magnesia,  potash,  silica,  are 
fertilizers  as  inorganic  elements  ;  these  latter,  nitre  and  the 
volatile  alkali,  are  probably  useful  in  administering  to  the 
formation  of  the  organic  parts.  In  taking  a  view  of  the  ca- 
pabilities of  a  soil,  the  attention  should  be  given  to  the  under 
portion,  to  the  subsoil  as  well  as  the  surface  soil.  If  the  lat- 
ter be  neglected  and  never  turned  up  and  brought  into  use, 
great  may  be  the  loss  to  the  agriculturist.  Water  holding 
carbonic  acid  in  solution,  I  have  endeavoured  to  shew,  is  the 
principal  agent  or  menstruum  by  which  the  sap  is  formed 
and  plants  are  fed.  This  is  the  result  when  it  is  absorbed 
by  the  roots,  and  is  transmitted  by  their  ascending  to  be 
distributed  to  the  various  parts  where  required ;  but  when, 
instead  of  being  thus  absorbed,  it  passes  from  the  soil  to  the 
subsoil,  it  impoverishes  the  former  and  enriches  the  latter, 
removing  out  of  it  more  or  less  of  the  soluble  constituents, 
so  that  you  may  have  at  the  same  time  an  exhausted  surface 
soil  and  a  rich  subsoil,  requiring  only  a  change  of  place,  it 
may  be,  a  mixing  of  the  two,  to  become  highly  productive. 

Gentlemen, — I  must  now  bring  this  discourse  to  a  conclu- 
sion. As  I  began  it  with  drawing  your  attention  to  the  ana- 
logy between  plants  and  animals,  I  do  not  know  how  I  can 
better  finish  it  than  by  reverting  to  that  analogy.  All  I  have 
hitherto  said,  has  been  on  the  subject  of  manures  generally, 
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as  involving  common  principles,  universally  applicable.  Not 
a  less  important  part  of  the  subject,  is  that  of  special  manures, 
or  of  the  choice  of  manures  for  particular  crops,  and  this  is 
by  far  the  most  difficult  part,  and  the  one  hitherto  least 
studied.  In  animals,  their  coarser  organization  is  distinct ; 
if  we  examine  the  teeth  of  any  particular  animal,  its  stomach, 
its  intestines,  the  main  organs  concerned  in  its  nourishment, 
we  have  no  difficulty  in  deciding  from  their  structure,  whe- 
ther the  individual  is  carnivorous  or  herbivorous,  or  fitted  for, 
and  requiring  a  mixed  diet  of  animal  and  vegetable  food ;  and 
this,  be  it  one  of  the  mammalia,  birds,  or  insects.  But  not 
so  as  regards  plants  ;  the  organs  concerned  in  their  nourish- 
ment are  so  minute  as  to  escape  detection  by  the  eye  unaided 
by  the  microscope  ;  and  even  when  examined  by  this  help,  no 
differences  characteristic  have  hitherto  been  detected,  ad- 
mitting of  being  associated  with  the  quality  of  the  nourish- 
ment best  fitted  for  the  individual  plants.  This,  then,  taking 
it  for  granted,  and  it  seems  to  be  proved  by  experience,  that 
different  kinds  of  plants  do  not  for  their  coming  to  perfection, 
require  one  kind,  but  different  kinds  of  manure,  must  be  de- 
termined by  other  means.  How  is  this  important  object  to 
be  accomplished  ?  I  do  not  know  how  it  can  be  well  accom- 
plished, except  by  enlightened  experience  and  by  chemical 
research.  In  the  instances  of  the  corn-bearing  grasses,  such 
experience,  such  inquiry  have  been  highly  useful.  These  are 
crops  which  are  exhausting  to  the  soil, — the  grain  being  con- 
sumed at  a  distance,  and  the  more  exhausting  when  the  straw 
also  is  removed  from  the  farm.  To  correct  the  exhausting 
effect,  one  of  two  measures  is  adopted ;  either  to  allow  the 
land  to  remain  fallow  for  a  certain  period,  during  which, 
owing  to  the  decomposition  and  disintegration  of  mineral 
particles  in  the  soil,  and  the  addition  made  to  it  from  the  at- 
mosphere by  the  agency  of  the  elements,  and  by  rains  and 
winds,  and  from  the  subsoil,  by  the  penetrating  roots  of  na- 
tive grasses  and  other  indigenous  plants,  the  loss  is  made 
good  of  those  inorganic  materials  carried  away : — or,  in  a 
more  summary  manner,  by  restoring  in  manure  (aided  by  in- 
tervening green  crops),  the  ingi^edients  abstracted  and  lost 
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in  the  grain  and  straw ;  in  the  former,  chiefly  phosphate  of 
lime  and  azote ;  in  the  latter,  chiefly  silica.  The  summary 
or  shorter  way,  last  mentioned,  is  the  improved  method,  the 
result  of  scientific  research  ;  the  tedious  way,  first  noticed,  is 
the  result  of  mere  experience  unaided  by  such  research,  and 
is  in  many  respects  imperfect.  The  same  remarks,  I  believe, 
are  applicable  to.  every  kind  of  crop.  Take  the  most  impor- 
tant with  which  the  interests  of  the  West  Indies  are  con- 
nected, the  sugar  cane.  For  its  most  successful  cultivation, 
that  is,  its  most  profitable,  as  regards  its  produce  and  returns, 
supposing  the  fallow  system  to  be  put  aside  as  least  judicious, 
it  needs  to  be  determined  what  kind  of  manure  is  best  fitted 
to  bring  the  cane  to  its  perfection  of  growth  as  a  sugar  bear- 
ing plant,  and  with  most  economy,  keeping  in  view  the  ba- 
lance sheet  of  an  estate.  If  the  problem  is  entered  upon  by 
the  agricultural  chemist,  as  I  apprehend  it  should  be,  he 
will  have  to  consider  what  are  the  elements  constituting 
sugar;  they  are  oxygen,  hydrogen,  and  carbon,  elements  de- 
rived from  the  atmosphere,  either  directly  or  indirectly :  he 
will  have  to  consider  what  are  the  elements  of  the  saccharine 
juice,  as  extracted  by  pressure  from  the  plant ;  these,  besides 
sugar,  are,  I  believe,  chiefly  starch  and  albuminous  matter, 
or  a  matter  containing  azote,  and  capable  of  exciting  the 
vinous  fermentation,  and  one  or  more  vegetable  acids :  he 
will  have  to  consider  what  are  the  elements  of  the  cellular 
structure  of  the  plant  in  which  the  saccharine  juice  is  con- 
tained, and  the  composition  of  the  other  parts  of  the  cane  ; 
these  appear  to  be  very  much  the  same  as  the  constituent 
elements  of  the  stalk  and  leaves  of  the  other  grasses,  viz. — 
phosphate  of  lime,  silica,  lime,  magnesia,  and  potash,  with 
the  common  elements,  carbon,  oxygen,  and  hydrogen.  Hav- 
ing given  consideration  to  all  these  matters,  he  may  ofi^er 
suggestions  for  trial.  As  the  cane  contains  little  azotized 
matter,  and  pure  sugar  none,  he  may  suggest  that  the  ma- 
nure most  likely  to  be  successful  is  one  composed  chiefly  of 
vegetable  matter,  or  one  in  which  the  proportion  of  animal 
matter  is  small.  As  the  sugar  and  other  exports,  viz.  rum 
and  molasses,  contain  very  little  of  any  matter  of  a  mineral 
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kind  derived  from  the  soil,  he  will  conclude,  that  with  good 
management,  a  cane-crop  is  not  exhausting ;  and  that  if  the 
leaves  and  stalks  are  returned  to  the  soil,  the  land  instead 
of  being  impoverished,  may  be  actually  enriched,  in  as  much 
as  there  is  given  to  the  soil  a  vast  accession  of  vegetable 
matter,  the  elements  of  which  have  been  obtained  from  the 
atmosphere,  and  which,  in  decomposing,  render  up  these  ele- 
ments to  support  the  growing  crop,  being,  as  it  were,  to  the 
young  plant  what  the  milk  of  the  mother  is  to  the  young  ani- 
mal. I  should  add,  that  the  inquiry  of  the  agricultural  che- 
mist will  by  no  means  be  complete,  unless  his  attention  also 
be  directed  to  the  soil,  and  that  not  only  once,  but  at  inter- 
vals. If,  on  his  first  examination  of  it,  he  find  a  marked  de- 
ficiency in  it  of  phosphate  of  lime,  and  of  other  inorganic  sub- 
stances which  seem  to  be  essential  to  the  composition  of  the 
sugar  cane  in  its  healthy  state,  he  will  suggest  the  use  of 
guano  as  a  manure,  or  of  bone-dust,  or  of  marl  containing 
phosphate  of  lime,  according  to  circumstances.  If,  after  an 
interval  of  a  few  years,  the  land  having  yielded  good  crops, 
he  examine  the  soil  again,  and  now  finds  in  it  no  marked  de- 
ficiency of  phosphate  or  carbonate  of  lime,  or  other  supposed 
requisite  inorganic  ingredient,  he  will,  I  conceive,  be  war- 
ranted in  suggesting  the  sparing  the  expensive  manures,  the 
guano  and  the  bone-dust,  and  using  only  manure  chiefly  ve- 
vetable,  made  on  the  estate. 

Such,  I  fancy,  is  the  line  of  inquiry,  as  regards  particular 
manures,  that  is  likely  to  be  most  useful,  and  the  more  use- 
ful, I  cannot  but  think  it  will  be,  the  more  minutely,  and 
carefully,  and  judiciously  it  is  carried  out,  testing  theoretical 
suggestions  founded  on  chemical  analysis,  by  the  results  of 
practical  experince,  that  is,  by  well  conducted  trials,  and  ex- 
tending them  from  point  to  point,  till  satisfactory  knowledge 
is  arrived  at,  so  that  being  acquainted  with  the  quality  of  the 
soil,  the  quality  and  quantity  of  manure  applied,  the  mode  of 
tillage  employed,  the  planter  may  be  able  to  calculate,  com- 
munibus  annis,  what  will  be  the  quantity  and  quality  of  sugar, 
what  the  quantity  and  quality  of  the  molasses,  and  what  the 
quantity  of  rum,  that  should  be  made  on  his  estate. 

The  subject  of  manures  is  far  too  large  a  one  for  a  single 
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discourse  :  many  parts  of  it  I  have  treated  of  very  slightly  ; 
some,  I  am  sure,  very  imperfectly,  and  perhaps  obscurely;  your 
knowledge  and  intelligence  will  supply  many  deficiencies,  and 
I  am  confident  I  may  equally  rely  on  your  kindness  for  exer- 
cising them,  recollecting  (be  pleased  to  do  so)  that  my  main 
object  has  not  been  so  much  to  impart  minute  information, 
as  to  inculcate  some  general  principles,  and  to  endeavour  to 
excite  inquiry,  that  methodical  and  scientific  inquiry  which 
leads  to  exact  knowledge,  and  to  the  perfecting  of.  when  di- 
ligently carried  out,  every  art  to  which  it  is  applied. 


On  the  Foundation  of  a  New   Geology.      By  Professor   G^ 
Bischof  of  Bonn. 

"  For  a  number  of  years,"  says  Professor  Bischof,  "  I  have 
contemplated  the  publication  of  a  geology  based  on  chemical 
and  physical  principles.  With  this  view,  I  have  made  ob- 
servations during  journeys,  principally  in  the  neighbourhood 
of  my  own  residence,  which  is  so  interesting  in  a  geological 
point  of  view,  and  I  have  carried  on  experiments  in  my  la- 
boratory, in  order  to  study  nature  in  her  formations  and 
changes.  It  will  readily  be  admitted  that  it  was  necessary 
to  examine  geology  in  a  chemical  and  physical  point  of  view  ; 
for  our  geologists,  for  the  most  part,  are  neither  chemists, 
nor  natural  philosophers  ;  and  to  endeavour  to  explain,  with- 
out chemical  or  physical  knowledge,  the  chemical  operations- 
which  have  taken  place  in  the  great  laboratory  of  nature^ 
appears  to  me  a  vain  attempt.  Werner  wished  to  explain  all 
by  the  Neptunian  theory,  at  a  time  when  chemistry  had 
scarcely  done  anything  for  geology.  His  system  is  exploded. 
It  has  been  succeeded  by  Huttonianism,  which  has  likewise 
been  pushed  too  far,  and  has  done  more  injury  in  its  turn  than 
all  the  Wernerians.  I  shall  shew  that  it  is  altogether  a  vain 
attempt  to  endeavour  to  explain  all  by  either  of  these  two 
methods. 

In  the  present  state  of  science,  we  cannot  doubt  that  the 
crystalline  rocks  owe  their  origin  to  an  igneous  fusion.  But 
we  no  longer  meet  with  granite,  basalt,  diorite,  &c.,  in  their 
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primitive  condition  ;  water  has  everywhere  produced  changes 
more  or  less  considerable,  and  we  possess  many  observations 
on  the  porosity  of  the  densest  rock.  The  whole  family  of 
zeolites,  all  the  hydrated  minerals,  and  the  carbonates  in 
the  crystalline  rocks,  are  secondary  formations  of  minerals 
originally  the  same,  but  now  wrought  up  again  by  carbonic 
acid,  oxygen,  and  the  other  bodies  which  form  a  part  of  the 
water.  Mineral  springs  which  issue  from  great  depths  only 
form  a  particular  case,  and  these  are  the  waters  which,  with 
a  small  quantity  of  carbonic  acid  and  oxygen,  have  produced 
at  the  surface  the  most  important  phenomena,  and,  as  I  shall 
shew,  are  producing  them  still. 

During  my  investigations,  I  have  found  great  assistance 
in  the  great  number  of  facts  which  mineralogical  chemists 
have  made  known  ;  but  there  are,  at  the  same  time,  many 
blanks  to  be  filled  up,  and  my  own  exertions  will  be  insuffi- 
cient for  that  purpose,  unless  I  obtain  assistance. 

It  may  be  demonstrated  mathematically,  that  all  the  sedi- 
mentary formations,  transition  masses  (with  the  exception  of 
transition  granites  and  basalts),  and  all  the  substances  in- 
closed in  drusy  cavities,  are  derjved  from  crystalline  rocks. 
These  have  furnished  the  materials,  and  the  waters  have  con- 
veyed the  quartz,  calcareous  spars,  heavy  spars,  metals,  and 
other  substances  which  fill  the  cavities,  into  their  present 
beds.  Of  this  I  am  perfectly  convinced  by  an  examination 
of  the  amygdaloidal  rocks  of  Oberstein. 

M.  Rose  has  informed  me,  that  every  time  he  has  made 
sulphuretted  hydrogen  pass  into  minerals  dissolved  in  acids, 
he  has  remarked  particular  reactions.  The  precipitates  have 
often  presented  copper,  and  as  this  precipitate  is  always  very 
small,  and  does  not  enter  into  the  formula,  it  has  been  ne- 
glected, as  forming  an  uninteresting  mixture.  In  one  point 
of  view,  however,  these  minimum  quantities  are  of  very  great 
importance,  and  it  is  to  be  regretted  that  the  anxiety  to  find 
a  chemical  formula  should  be  greater  than  that  which  should 
be  manifested  in  searching  out  mixtures  continually  inter- 
vening, although  in  the  very  smallest  proportions.  For  ex- 
ample, if  it  could  be  demonstrated  that  in  the  species  of  fel- 
spar, as  in  the  Amazon  stone,  copper  and  other  metals  are 
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always  present,  although  in  the  smallest  proportions,  nothing 
could  be  more  easy  than  to  explain  the  origin  of  minerals  in 
rents  and  veins,  by  taking  into  account  the  enormous  masses 
of  felspar  which  must  have  been  destroyed  by  atmospheric 
phenomena.  The  minimum  quantities  in  fossils  usually  in- 
dicate the  way  in  which  the  fossil  has  undergone  a  transfor- 
mation. Thus,  the  small  proportion  of  potassium  in  fahlun- 
ite,  indicates  its  passage  into  mica,  and  the  mineralogical  re- 
searches of  M.  Haidinger  strengthen  this  opinion.  How  im- 
portant, then,  would  be  the  comparative  analyses  of  condiorite, 
fahlunite,  gigantolite,  pinite,  &c.,  if  we  met  with  them  simul- 
taneously in  the  same  crystalline  rocks,  and  passing  into  one 
another ! 

When  we  observe  barytes  as  the  distinct  companion  of  the 
mineral  manganese,  we  cannot  doubt  that  the  manganese  has 
been  conveyed  from  mountain-rocks  into  transition-fissures  ; 
consequently,  whenever  we  meet  with  oxide  of  manganese, 
we  ought  also  to  find  barytes.  We  are  also  forced  to  admit 
that  the  barytes  must  be  present,  in  the  state  of  silicate,  in 
the  amygdaloidal  rocks,  when  we  find  it  in  the  anfractuosi- 
ties  of  barytic  hermatose.  In  the  amygdaloidal  rocks  of 
Oberstein,  in  the  anfractuosities  of  which  this  species  of 
hermatose  occurs,  I  have  not  hitherto,  it  is  true,  met  with 
barytes,  but  very  obvious  traces  of  strontian  are  perceptible. 
Certainly  barytes  often  presents  itself  to  chemists  in  the 
analysis  of  minerals  ;  it  may  often,  in  consequence  of  its  small 
proportion,  have  been  confounded  with  lime,  and  the  chemist 
who  follows  a  formula,  pays  little  attention  to  it  if  it  contra- 
dicts the  results.  But  although  I  express  myself  with  some 
freedom  on  the  disorder  of  formulas,  I  think  we  cannot  dis- 
pute their  competency  to  the  author  of  a  stochiometry.  When 
chemical  formulas  are  used  with  reserve,  they  may  be  of 
great  advantage  ;  but  it  is  truly  puerile  to  see  the  effbrts 
that  are  made  to  include,  for  example,  all  the  results  of  the 
analyses  of  the  toxirmalines  in  a  single  formula. — Vlnstitut. 
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On  the  Relations  of  Ethnology  to  other  Branches  of  Knowledge, 
By  J.  C.  PmcHARD,  M.D.,  F.R.S.,  Corresponding  Member 
of  the  Institute  of  France,  &c.  &e.  &c.  Communicated  by 
the  Ethnological  Society.* 

The  anniversary  address  delivered  at  the  last  meeting  of  this 
Society  by  our  late  excellent  President  Sir  Charles  Malcolm, 
gave  so  lucid  and  extensive  a  survey  of  the  recent  progress 
of  Ethnology,  that  I  should  find  little  to  offer  on  the  present 
occasion,  were  I  to  follow  the  same  path.  The  achievements 
of  one  year,  taken  by  themselves,  would  appear  fragmentary, 
and  without  results.  It  has,  however,  occurred  to  me,  that 
there  is  a  different  course  by  which  I  may  hope  to  fulfil  the 
task  allotted  to  me  more  to  the  satisfaction  of  the  Society. 
The  idea  has  been  suggested  to  me  by  a  proposal  made  lately 
to  the  British  Association  for  the  Advancement  of  Science,  to 
appoint  in  that  Society  a  distinct  Section  for  the  Cultivation 
of  Ethnology,  t  In  some  parts  of  the  Continent,  and  in  the 
United  States  of  America,  societies  have  for  some  time  ex- 
isted exclusively  devoted  to  this  pursuit,  and  supported  by 
men  highly  distinguished  in  science  and  literature.  In  the 
meetings  of  the  British  Association  alone,  Ethnology  claims 
but  a  subordinate  place  in  the  Section  of  Natural  History. 
The  reason  assigned  for  this  arrangement  is,  that  the  natu- 
ral history  of  man  is  a  part  of  the  natural  history  of  living 
creatures,  and  that  there  is  an  obvious  propriety  in  refer- 
ring to  one  division,  the  history  of  all  organised  beings, 
namely,  of  all  those  beings  which  exist  in  successive  gene- 
rations, destined  one  after  another  to  rise,  flourish,  and 
decay — a  lot  to  which  are  alike  subjected  the  lords  of  the 
creation,  and  the  worms  on  which  they  tread — and  the  plants 
and  animals  which  they  consume  for  their  daily  food.  But 
though  the  natural  history  of  man  may,  in  a  technical  ar- 

*  Read  before  the  Ethnological  Society,  June  1847. 

t  This  proposal  was  made  at  the  meeting  of  the  Association  at  York  by  Dr 
King,  secretary  of  the  Ethnological  and  Statistical  Societies.  It  was  negatived 
by  the  Committee  of  the  Association. 
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rangement,  be  made  a  department  of  zoology,  it  is  easy  to 
shew  that  the  main  purport  of  ethnological  inquiries  is  one 
distinct  from  zoology  ;  and  the  reference  of  both  these  sub- 
jects to  one  section  of  the  British  Association  can  only  have 
arisen  from  inadvertence.  Of  this  I  shall  be  able  to  con- 
vince the  members  of  the  Society  now  present,  if  they  will 
allow  me  to  call  their  attention  for  a  brief  space  to  the  posi- 
tion which  Ethnology  ought  to  hold,  and  which  it  is  destined 
hereafter  to  maintain,  among  the  various  divisions  of  human 
knowledge. 

Ethnology  is  the  history  of  human  races,  or  of  the  various 
tribes  of  men  who  constitute  the  population  of  the  world. 
It  comprehends  all  that  can  be  learned  as  to  their  origin  and 
relations  to  each  other.  It  is  distinct  from  natural  history, 
inasmuch  as  the  object  of  its  investigations  is  not  what  is, 
but  what  has  been.  Natural  history  is  an  account  of  the  phe- 
nomena which  Nature  at  present  displays.  It  relates  to  pro- 
cesses ever  going  on,  and  to  effects  repeated,  and  to  be  re- 
peated, so  long  as  the  powers  of  Nature,  or  the  properties  of 
material  agents,  remain  unchanged.  Ethnology  refers  to  the 
past.  It  traces  the  history  of  human  families  from  the  most 
remote  times  that  are  within  the  reach  of  investigation,  in- 
quires into  their  mutual  relations,  and  endeavours  to  arrive 
at  conclusions,  either  probable  or  certain,  as  to  the  question 
of  their  affinity  or  diversity  of  origin.  All  this  rather  belongs 
to  archseology  than  to  natural  history.  It  may,  indeed,  be 
truly  said  that  the  investigations,  by  means  of  which  we  en- 
deavour to  arrive  at  conclusions  in  Ethnology,  involve  many 
topics  which  are  within  the  province  of  natural  history. 
The  facts  and  analogies  which  natural  history  presents,  are 
the  data  on  which  a  great  part  of  the  proofs  or  arguments 
adopted  by  the  ethnologist  are  founded.  But  these  con- 
tributions of  natural  history  are  only  a  part  of  the  resources 
by  the  aid  of  which  we  carry  on  the  investigations  belong- 
ing to  our  favourite  pursuit ;  and  we  shall  find  that  it  bor- 
rows fully  as  much  from  other  departments  of  knowledge, 
quite  separate  from  the  study  of  Nature  and  her  productions. 
The  results  at  which  the  ethnologist  arrives,  do  not  fall 
within  any  department  of  natural  history.     They  are  archseo- 
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logical  or  historical.  It  may  then  be  admitted,  that  there 
are  some  grounds  for  the  opinion  of  those  who  would  even 
deny  us  any  place  in  the  great  system  of  scientific  inquiries, 
which  the  British  Association  has  established. 

We  are  saved  from  apprehension  as  to  the  consequence  of 
this  admission,  by  remarking,  that  Ethnology  stands  exactly 
on  the  same  ground,  in  this  point  of  view,  as  one  of  the 
most  popular  of  the  studies  which  are  cultivated  at  the  British 
Association ;  and  that  it  is  impossible,  with  any  shew  of 
reason,  to  deny  a  place  to  one  of  these  sciences  in  the  ar- 
rangement of  sections,  without  refusing  the  claims  of  the 
other.  By  comparing  the  position  of  ethnology  to  that  of 
geology,  we  shall  be  enabled  to  survey,  in  a  clear  point  of 
view,  the  relations  of  each  of  these  sciences  to  other  branches 
of  knowledge. 

Geology,  as  every  one  knows,  is  not  an  account  of  what 
Nature  produces  in  the  present  day,  but  of  what  it  has  long 
ago  produced.  It  is  an  investigation  of  the  changes  which 
the  surface  of  our  planet  has  undergone  in  ages  long  since 
past.  The  facts  on  which  the  inferences  of  geology  are 
founded,  are  collected  from  various  parts  of  natural  history. 
The  student  of  geology  inquires  into  the  processes  of  Nature 
which  are  at  present  going  on,  but  this  is  for  the  purpose  of  ap- 
plying the  knowledge  so  acquired  to  an  investigation  of  what 
happened  in  past  times,  and  of  tracing,  in  the  different  layers 
of  the  earth's  crust — displaying,  as  they  do,  relics  of  various 
forms  of  organic  life — the  series  of  the  repeated  creations 
which  have  taken  place.  This  investigation  evidently  be- 
longs to  History  or  Archceology^  rather  than  to  what  is  ge- 
nerally termed  Natural  History.  By  a  learned  writer,  whose 
name  will  ever  be  connected  with  the  annals  of  the  British 
Association,*  the  term  Palaeontology  has  been  aptly  applied 
to  sciences  of  this  department,  for  which  Physical  Archae- 
ology may  be  used  as  a  synonym.  Palaeontology  includes 
both  Geology  and  Ethnology.  Geology  is  the  archaeology  of 
the  globe — ethnology  that  of  its  human  inhabitants.  Both  of 
these  sciences  derive  the  data  on  which  they  found  conclu- 
sions from  the  different  departments  of  natural  history.    But 

*  The  Rev.  Dr  Whewell. 
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ethnology  likewise  obtains  resources  for  pursuing  the  inves- 
tigation of  the  history  of  nations  and  of  mankind  from  many 
other  quarters.  It  derives  information  from  the  w^orks  of 
ancient  historians,  and  still  more  extensively  from  the  his- 
tory of  languages  and  their  affiliations.  The  history  of  lan- 
guages, indeed,  greatly  extended  as  it  has  been  in  late  times, 
has  furnished  unexpected  resources  to  ethnology,  vi^hich  could 
hardly  have  advanced  a  few  steps  without  such  aid.  As  geo- 
logy would  have  been  a  barren  and  uninteresting  study,  and 
uncertain  in  most  of  its  results,  without  the  aids  which  the 
study  of  organic  remains  has  unexpectedly  brought,  serving 
often  to  identify  geological  formations,  and  to  connect  parti- 
cular series  of  rocks  with  periods  in  the  world's  history ;  so 
the  discoveries  of  Glossology  have  enabled  us  to  trace  alli- 
ances between  nations  scattered  over  distant  regions  of  the 
earth,  of  whose  relation  to  each  other  we  never  should  have 
had  an  idea  without  such  evidence. 

I  shall  now  endeavour  to  point  out,  in  a  brief  and  cursory 
manner,  what  assistance  each  department  of  knowledge  has 
contributed  to  the  cultivation  of  ethnology.  But  here  I  must 
crave  the  indulgence  of  those  who  are  conversant  with  the 
history  and  progress  of  this  science,  since  I  shall  not  be  able 
to  accomplish  the  task  proposed  without  saying  much  that 
must  to  such  persons  be  already  well  known  and  familiar. 

I.  The  branches  of  natural  history  and  science  which  fur- 
nish aids  in  the  promotion  of  ethnology,  are  anatomy,  phy- 
siology, zoology,  and  physical  geography. 

The  first  attempt  that  deserves  notice  to  distinguish  races 
of  men  was  made  by  Camper,  an  anatomist.  The  distinction 
adopted  by  Camper  is  well  known.  It  is  founded  on  the  shape 
of  the  skull.  It  is  the  facial  angle,  or  the  measurement  of 
the  angle  included  between  two  lines,  one  of  which  is  drawn 
from  the  passage  of  the  ear  to  the  basis  of  the  nose  ;  and  the 
other  a  line  slanting  off  from  the  forehead  to  the  mouth,  or 
rather  to  the  most  advanced  point  of  the  upper  jawbone. 
This  angle  was  thought  to  afford  a  measure  of  the  capacity 
of  the  anterior  part  of  the  skull,  and  of  the  size  of  the  corre- 
sponding portion  of  the  brain.  Camper,  who  had  within  his 
reach  very  few  skulls  for  examination,  thought  that  he  found 
this  angle  of  different  extent  in  different  classes  of  human 
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heads.  He  found  that  skulls  of  Europeans,  when  thus  mea- 
sured, gave  an  angle  of  80°,  the  skull  of  a  Kalmuck  one  of 
75°,  and  the  skull  of  a  Negro  one  of  70°  only.  There  are 
forms  of  the  head  in  which  the  angle  has  been  found  to  be 
greater  than  in  the  European,  and  others  in  which  it  is  less 
than  in  the  Negro.  Those  which  have  it  greater  than  in  the 
European,  and  in  which  it  amounts  to  90°,  are  the  ideal  heads 
of  Grecian  gods,  forms  not  existing  in  nature  ;  and  the  skulls 
in  which  this  angle  is  less  than  in  the  Negro,  are  those  of 
apes.  In  these  last,  the  angle  was  estimated  by  Camper 
at  64°,  63°,  or  60°.  Camper  accordingly  thought  that  he 
found  in  the  skulls  of  negroes  a  type  intermediate  between 
the  cranium  of  the  European  man  and  that  of  the  Orang. 
But  in  this  he  was  mistaken.  The  supposed  gradation  exists 
only  when  skulls  are  compared  which  have  the  infantine 
form,  or  before  the  first  dentition  is  complete.  After  the 
period  of  the  first  dentition,  the  difference  in  the  facial  angle 
in  the  heads  of  apes,  and  in  those  human  skulls  in  which  it  is 
of  the  smallest  measurement,  becomes  enormous.  In  the 
adult  Troglodyte  it  is  35°,  and  in  the  orang  or  satyr  it  is  only 
30°,  as  we  learn  from  the  observations  of  Professor  Owen. 

Professor  Blumenbach  was,  in  reality,  the  founder  of  ethno- 
logy. He  was  the  first  person  who  made  any  considerable 
collection  of  human  skulls,  or  possessed  the  materials  re- 
quisite for  an  inquiry  into  the  anatomical  differences  which 
exist  in  various  tribes  of  men.  Blumenbach  divided  the 
forms  of  the  human  head  into  five  departments.  He  desig- 
nated them,  not  as  it  would  perhaps  have  been  better  to  have 
done  in  the  first  instance,  by  epithets  descriptive  of  forms, 
but  by  the  names  of  the  races  of  people  to  which  they  be- 
longed, or  of  the  regions  of  the  world  whence  these  races 
were  supposed  to  have  originated.  The  Caucasian  form  was 
so  termed  from  Mount  Caucasus,  to  which  Blumenbach  ob- 
served that  ancient  traditions  refer  the  origin  of  many  cele- 
brated nations.  He  supposed  this  to  be  the  primitive  type 
of  the  human  skull,  and  regarded  the  other  forms  as  so  many 
degenerations  from  it.  These  were  the  Mongolian,  the  Ame- 
rican, the  Ethiopian,  and  the  Malayan.  The  five  forms  were 
supposed  to  belong  to  five  divisions  of  mankind,  comprising 
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collectively  the  whole  human  family.     This  distribution  was 
complete   as   far  as  the  ethnographical  knowledge   of  the 
time  allowed  it  to  be  ;  but  it  would  be  necessary  in  the  present 
day  to  enumerate  many  additional  varieties  in  the  shape  of 
the  skull,  and  to  constitute  additional  human  races,  if  we 
would  follow  the  same  method,  and  adapt  it  to  the  actual 
state  of  our  acquaintance  with  distant  regions  of  the  earth 
and  their  inhabitants.     For  example,  besides  the  Ethiopian 
race  of  Blumenbach,  by  which  he  meant  the  Negroes,  we 
must  reckon  in  Africa  two  other  woolly-haired  races,  each 
having  a  form  of  the  head  diiferent  from  the  Ethiopian  type 
of  Blumenbach.     I  allude  to  the  Kafir  and  Hottentot  races. 
Again,  among  the  nations  termed  collectively  by  Blumen- 
bach the  Malayan  race,  meaning  the  native  people  of  all  the 
islands  of  the  Great  Southern   Ocean,  we  now  distinguish 
several  different  forms  which  have  little  or  nothing  in  com- 
mon, and  appear  to  belong  to  several  distinct  races.     Among 
these  are  the  Papuas,  who  resemble  the  Negroes  in  many 
respects,  but  have  skulls  of  a  form  very  different  from  any  of 
the  African  nations,  and  the  Australians  having  a  peculiar 
type,  and  forming  a  very  distinct  race.    The  Polynesians  are 
not  so  distinct  in  the  form  of  their  heads  as  Blumenbach 
supposed  the  Malayan  race  to  be  ;  and  the  true  Malays  ap- 
proach in  features,  and  apparently  in  their  general  physical 
character,  to  the  other  native  races  of  the  Indo-Chinese  pe- 
ninsula, who  are  described  as  nearly  resembling  the  Chinese, 
and  who  probably  belong  to  the  class  of  nations  termed  by 
Blumenbach    Mongolian.       Blumenbach's    delineations    of 
skulls  are  admirable,  and  his  descriptions  of  the  forms  which 
appeared  to  him  the  most  prevalent  and  the  most  constant, 
are  invaluable.     There  is,  however,  one  very  important  view 
of  the  shape  of  the  head  which  he  seems   to   have   over- 
looked ;  I  allude  to  the  form  of  the  basis  of  the  skull.     The 
importance  of  this  view  of  the  cranium  in  comparing  the 
heads  of  the  human  species  and  those  of  apes,  in  which  it  dis- 
plays the  immense  difference  between  them  in  a  very  strik- 
ing manner,  was  first  pointed  out  by  Professor  Owen.     It  is 
a  character  by  no  means  to  be  neglected  in  the  comparison 
of  human  races  with  each  other. 
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The  latest  scheme  devised  for  the  classification  of  human 
skulls,  and  the  distribution  of  human  races  according  to  their 
forms,  is  that  proposed  by  Professor  Retzius  of  Stockholm,  a 
very  ingenious  and  able  anatomist,  and  a  very  estimable 
man,  who  has  lately  devoted  his  talents  to  this  subject.  Pro- 
fessor Retzius'  researches  are  well  known,  and  I  shall  not 
occupy  the  time  of  the  Society  by  stating  to  them  his  results. 
They  are  particularly  interesting  in  one  point  of  view,  pro- 
bably not  contemplated  by  the  excellent  author.  I  allude  to 
the  fact,  that  he  seems  to  have  established  distinctions  in  the 
form  of  the  skull  among  nations,  who,  though  for  many  ages 
separate,  are  known,  if  I  am  not  mistaken,  historically,  to 
have  descended  from  the  same  original  stock. 

The  head  is  not  the  only  part  of  the  body  which  displays 
different  forms  in  different  human  tribes.  Varieties  in  stature 
and  in  the  proportion  of  limbs — in  the  form  of  the  pelvis 
and  other  parts  of  the  body — as  well  as  in  the  texture  of  the 
skin,  the  hair,  and  other  structures,  are  well  known  to  dis- 
tinguish races  from  each  other.  With  respect  to  all  these 
differences,  anatomical  researches  have  been  made  which  have 
an  obvious  bearing  on  ethnology. 

When  we  advert  to  the  resources  which  physiology  affords 
for  the  cultivation  of  ethnological  science,  we  find  that  there 
are  many  relations  between  these  studies.  One  series  of  in- 
quiries is,  whether  the  great  laws  of  the  animal  economy  are 
the  same  in  respect  to  all  human  races  ;  whether  any  parti- 
cular race  differs  from  others  in  regard  to  the  duration  of 
life,  and  the  different  periodical  changes  of  constitution,  and, 
generally  speaking,  in  the  laws  of  the  animal  economy,  and 
whether  such  diversities,  if  found  to  exist,  can  be  explained 
by  reference  to  external  causes,  or  imply  original  difference, 
and  form,  therefore,  specific  characters.  Another  physiologi- 
cal inquiry  connected  with  ethnology  is,  whether  variations  of 
form,  colour,  &c.,  can  be  explained  by  reference  to  any  known 
principle,  and  how  far,  and  under  what  conditions,  they  are 
transmitted  to  posterity,  and  may  tend  to  account  for  the 
origination  of  particular  breeds  or  tribes  marked  by  some 
hereditary  and  permanent  characters  \ 

Zoology  and  the  whole  study  of  natural  history  opens  a 
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field  to  several  inquiries  highly  interesting  to  the  ethnolo- 
gist. 

We  must  take  an  account,  for  example,  of  the  varieties  of 
form  and  organization  to  which  the  diiferent  species  of  ani- 
mals are  subject,  in  order  to  solve  the  question,  Whether 
the  differences  observed  in  human  races,  and  the  physical 
characters  of  any  particular  race,  belong  to  the  category  of 
natural  varieties,  or  indicate  an  entire  distinction  which  must 
have  existed  from  the  creation,  and  therefore  proves  the  spe- 
cies to  be  distinct  \ 

Another  question  connected  with  zoology  has  been  made  a 
matter  of  great  moment  in  these  investigations.  I  allude  to 
the  theory  of  Hybridity,  or  to  the  general  observations  made 
with  respect  to  mixed  breeds  and  their  supposed  sterility. 
The  bearing  of  these  questions  on  the  physical  history  of 
mankind  is  very  obvious.  I  shall  not  enlarge  upon  it  at 
present. 

Physical  geography  has  a  very  obvious  bearing  on  ethno- 
logy, since  physical  geography  comprises  the  localization  of 
those  agencies  of  climate  which  are  supposed  to  modify  the 
organization  of  living  tribes,  and  which  oppose  limits  to  the 
sphere  of  their  existence.  We  may  observe,  in  connection 
with  this  subject,  that  great  numbers  of  species,  both  animal 
and  vegetable,  are  only  to  be  found  within  certain  latitudes, 
and  in  particular  regions  of  temperature,  and  under  particu- 
lar local  conditions.  Those  tribes  in  the  animal  kingdom 
which  approach  the  human  form,  viz.,  the  apes,  are  confined 
by  nature  to  very  narrow  limits,  while  men  live  in  all  cli- 
mates. This  striking  difference  suggests  several  inquiries 
as  to  its  causes,  which  have  a  bearing  on  physical  geography. 

One  series  of  facts  connected  with  physical  geography,  and 
having  a  bearing  on  ethnology,  comprises  the  effects  produced 
upon  climate  by  elevation  of  the  surface  of  the  earth.  It  is 
well  known  that,  in  the  ascent  of  mountains,  changes  of  cli- 
mate and  of  vegetation  are  perceived,  analogous  to  those  ob- 
served in  passing  from  a  lower  to  a  higher  latitude.  Plants 
of  the  frigid  zone  reappear  in  equatorial  countries  near  the 
summits  of  Alpine  mountains.  An  inquiry  is  suggested, 
how  far  this  may  tend  to  explain  the  phenomenon,  that  the 
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xaiitlious,  or  very  fair  complexion,  with  red  hair  and  blue 
eyes,  is  often  seen  in  the  inhabitants  of  alpine  regions.  For 
example,  if  we  begin  from  the  eastern  parts  of  the  world,  we 
find  xanthous  people  on  the  Himalaya,  in  the  Hindu  fami- 
lies who  reside  near  the  sources  of  the  sacred  rivers  at  Jum- 
notri  and  Gangotri.  Even  the  Rajpoots  in  Rajast'han,  are 
known  to  be  much  fairer  than  the  people  of  lower  plains  in 
Bengal  and  elsewhere.  Passing  the  Indus,  we  find  the  Euso- 
fzyes  in  the  high  tracts  of  Afghanistan,  a  fair  xanthous  peo- 
ple, while  the  Ghiljis  of  the  lower  country  are  dark,  and  the 
Jauts  of  the  plain  of  the  Indus  nearly  black.  Then,  again,  we 
find  on  the  high  mountains  of  Hindu-Khu  that  curious  people 
the  Siah  Posh,  who  speak  a  dialect  allied  to  the  Sanskrit, 
and  are  supposed  by  Bopp  and  Ritter,  and  other  learned  men, 
to  be  descendants  from  the  ancient  Brahman  race  who  con- 
quered India  some  thousands  of  years  ago,  and  probably  left 
these  people  behind  them  in  Central  Asia.  Far  westward  in 
Arabia,  according  to  Bruce,  a  similar  phenomenon  is  display- 
ed among  the  inhabitants  of  the  cold  mountains  of  Raddhua ; 
and  in  Africa,  the  Kabyles,  the  natives  of  Mount  Aurasius, 
behind  Tunis  and  Algiers,  are  so  fair,  and  red-haired,  that 
they  have  been  conjectured,  without  a  shadow  of  proof,  to  be 
descendants  of  the  ancient  Vandals,  as  if  it  were  possible  for 
Vandals  to  have  made  their  way  to  the  tops  of  all  the  moun- 
tains in  the  world.  Even  in  America,  among  the  loways, 
and  other  tribes  inhabiting  the  Rocky  Mountains,  similar  facts 
have  been  observed.  The  rationale  of  this  phenomenon  is 
plainly  connected  with  the  physical  conditions  of  so  many 
mountainous  regions.  It  admits  a  comparison  with  changes 
of  complexion,  discovered  as  we  proceed  from  the  country  of 
black  races  under  the  equator,  to  that  of  the  fair  people  of 
Northern  Europe. 

Another  observation  to  which  I  shall  briefly  advert,  will 
serve  to  indicate  the  bearing  which  researches  in  physical 
geography  may  possibly  have  upon  the  studies  of  the  ethno- 
logist. The  phenomena  of  vegetation  probably  indicate  con- 
ditions of  climate  which  are  inappreciable  by  thermometers, 
hygrometers,  and  all  our  instruments  ;  and  when  we  advert 
to  the  fact  illustrated  by  that  great  botanist  Mr  Robert 
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Brown,  that  the  equatorial  distribution  of  the  great  families 
of  plants  is  extended  to  a  considerable  degree  through  the 
Southern  Hemisphere,  or  that  the  Austral  regions  approxi- 
mate much  more  to  the  equatorial  in  this  leading  character 
of  vegetation  than  the  northern  climates  of  corresponding  lati- 
tude, we  are  at  liberty  to  infer,  that  the  sum-total  of  those 
agencies  of  climate  which  affect  organized  beings  is  much 
more  similar  to  that  which  exists  under  the  equinoctial  line 
in  these  countries  than  in  the  northern  latitudes.  I  shall 
merely  mention  this  conclusion  in  connection  with  the  well- 
known  fact,  that  the  varieties  of  the  human  race  which  exist 
in  the  great  southern  continents,  have  much  greater  resem- 
blance to  the  tribes  who  are  natives  of  the  torrid  zone,  than 
any  of  the  aboriginal  people  inhabiting  the  northern  parts  of 
the  world. 

I  have  now  gone  over  the  branches  of  natural  science  which 
principally  give  assistance  to  students  of  ethnology,  and  it 
remains  for  me  to  make  some  remarks  on  the  resources  which 
history  and  archaeology  may  be  expected  to  furnish  in  aid  of 
the  same  inquiries. 

When  we  speak  of  historical  inquiries  as  contributing  to 
the  promotion  of  ethnology,  the  meaning  of  the  expression  is 
not  limited  to  information  to  be  collected  from  historians. 
Much,  indeed,  is  to  be  found  in  the  works  of  such  writers  as 
Herodotus,  Aristotle,  Diodorus,  Caesar,  Pliny,  Strabo,  and  Ta- 
citus, that  is  useful  for  investigating  the  history  of  those  na- 
tions in  Europe  and  Asia,  which  came  within  the  knowledge  of 
the  Greeks  and  Romans ;  but  all  such  information  would  be 
not  only  confined,  but  disjointed  and  fragmentary,  without 
some  more  comprehensive  method  of  investigation  that  may 
serve  to  bring  the  notices  scattered  through  ancient  writers, 
into  a  distinct  and  evident  connection  with  the  history  of 
people  actually  known  to  us.  Historical  researches  that 
may  be  applicable  to  ethnology,  must  occupy  a  wide  field. 
They  must  collect  all  the  diff'erent  lights  that  can  be  brought 
to  bear  on  the  history  of  nations,  whether  from  the  testimony 
of  ancient  writers,  or  from  manners,  customs,  and  institu- 
tions— from  old  popular  traditions,  poetry,  mythology — from 
the  remains  of  ancient  art,  such  as  architecture,  sculpture 
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inscriptions — and  from  sepulchral  relics  discovered  in  many 
countries,  consisting  of  embalmed  bodies,  or  more  often  the 
mere  skulls  and  skeletons  of  the  ancient  inhabitants,  which 
furnish  the  most  authentic  testimony,  where  it  can  be  pro- 
cured, as  to  the  physical  characters  of  various  races  of  people. 
Besides  all  these,  there  is  another  source  of  information  more 
extensively  available  than  either  of  them  ;  I  allude  to  the 
history  of  languages  and  their  affinities. 

The  history  of  mankind  is  not  destined,  like  the  facts  on 
which  geology  is  built,  to  be  dug  out  of  the  bowels  of  the 
earth,  though  some  of  the  ancients  thought  otherwise,  if  we 
may  judge  from  the  abundance  of  sculptures  and  inscriptions 
with  which  they  covered  the  sides  of  caverns  and  excavations. 
Curious  documents  have,  however,  occasionally  been  dis- 
covered in  various  countries  beneath  the  soil,  which  have 
brought  evidence  of  historical  facts  otherwise  unknown.  We 
may  allude,  for  example,  to  the  great  collections  of  silver 
money  of  the  coinage  of  the  early  caliphs  of  Bagdad,  which 
have  been  dug  up  in  various  places  on  the  shores  of  the  Bal- 
tic, marking  out  the  path  of  an  extensive  traffic  between 
the  East  and  North,  at  a  time  when  the  northern  people  of 
Europe  are  generally  supposed  to  have  been  in  a  state  of 
extreme  barbarism.  But  the  discoveries  most  interesting  in 
relation  to  ethnology  are  those  of  sepulchral  remains,  which, 
in  various  regions  of  the  world,  have  preserved  the  most  au- 
thentic records  of  the  physical  characters  and  the  state  of 
arts  that  belonged  to  many  ancient  races.  I  need  hardly  al- 
lude to  the  discoveries  in  the  Egyptian  Thebaid, — a  vast  se- 
pulchre, where  the  successive  generations  of  thirty  centuries 
lie  embalmed  beneath  their  dry  preserving  soil,  expecting 
vainly  the  fatal  time,  now  long  since  passed,  when  they  were 
to  be  summoned  before  the  tribunal  of  Sarapis.  Another 
African  race  exists  only  in  mummies.  I  allude  to  the  insular 
Guanches,  the  ancient  inhabitants  of  the  Fortunate  Islands, 
who  now,  falsifying  this  name,  exist  only  in  the  caverns  of 
Teneriffe,  or  in  the  European  museums  to  which  they  have 
been  transported.  Over  vast  wildernesses  in  the  northern 
regions  of  Asia,  along  the  banks  of  the  Irtish,  and  beyond 
the  remote  Jenisei,  innumerable  tumuli  are  scattered,  con- 
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taining  the  remains  of  ancient,  and,  perhaps,  long  extinct 
races  of  men  ;  and  it  is  a  remarkable  fact,  that  in  this  wintry 
region  where  living  nature  seems  to  struggle  against  the  ele- 
ments for  a  precarious  existence,  even  the  arts  of  decoration 
were  studied  in  those  times  of  yore,  which  witnessed  the 
erection  of  these  tombs.    Implements  of  silver,  gold,  and  cop- 
por,  girdles  of  the  precious  metals,  bracelets  decked  wdth 
pearls,  and  fragments  of  porcelain,  have  surprised  the  travel- 
lei's  who  have  seen  a  few  of  these  tumuli  excavated.    Whole 
nations  lie  perhaps  yet  buried  in  these  regions,  and  with  them 
may  be  found  some  relics  that  may  hereafter  throw  light 
upon  their  history.     Similar  tumuli  spread  over  the  north  of 
Europe,  contain  the  remains  either  of  the  same  people,  or  of 
races  more  barbarous  than  the  Asiatics.     Hundreds  of  them 
have  been  rifled  by  treasure -hunters,  or  by  mere  antiqua- 
ries little  more  enlightened,  who  have  sought  to  make  collec- 
tions of  curiosities  without  any  view  to  promote  ethnology  or 
history.    Of  late  years,  Eschricht,  Nilsson,  and  Retzius,  have 
attempted,  in  Denmark  and  Sweden,  to  identify  in  these  re- 
mains the  relics  of  different  races,  supposed  to  have  inhabited 
the  northern  region  of  Europe  in  early  times.    Their  example 
has  been  followed  by  Dr  Wilde  in  Ireland,  and  more  recently 
by  MM.  Eugene  Robert,  and  Serres  in  France.      It  is  too 
early  to  collect  general  results  from  these  researches.    I  shall 
only  observe,  that,  in  the  opinion  of  the  learned  Swedes  who 
have  devoted  themselves  to  the  investigation,  the  sepulchral 
remains  of  northern  Europe  belong  to  three  different  eras. 
They  display  three  different  physical  types,  and  three  succes- 
sive stages  of  advancement  in   art  and  civilization.     The 
oldest  are  the  relics  of  a  people  with  round  heads,  having  the 
transverse  diameter  of  the  cranium  large  in  proportion  to  the 
longitudinal.  The  implements  and  ornaments  which  are  found 
in  the  tombs  of  these  people,  indicate  the  greatest  rudeness 
of  art.     They  consist  of  tools  and  the  heads  of  lances  and  ar- 
rows made  of  stone  and  bone,  but  nothing  indicating  a  know- 
ledge of  the  use  of  metals.    Whether  these  oldest  sepulchres 
were  the  tombs  of  a  Celtic  race,  is  a  question  not  yet  decided. 
It  seems  to  be  the  opinion  of  Professor  Retzius,  and  of  Nils- 
son,  who  has  written  a  learned  work  on  the  Aborigines  of 
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Scandinavia,  that  they  were  the  burial-places  of  a  people 
more  ancient  than  the  Celts.  Similar  remains  discovered  in 
France,  are  supposed  by  MM.  Robert  and  Serres  to  have 
belonged  to  the  Cymrian  or  Welsh  branch  of  the  Celtic  race  ; 
and  these  anatomists  suppose  a  second  class  of  heads  of  a 
larger  shape,  found  in  tombs  containing  metallic  implements, 
to  have  been  those  of  a  people  allied  to  the  Irish  or  Gaelic 
branch.  A  third  set  of  monumental  relics  are  referred  by 
Retzius  to  a  superior  race,  supposed  to  have  been  Swedes  or 
Saxons,  or  some  branch  of  the  Teutonic  family. 

It  is  much  to  be  regretted  that  the  ancient  nations  of  Eu- 
rope, those  races  from  whom  Englishmen,  Germans,  and 
Frenchmen  are  descended,  v/ere  so  obstinate  in  their  barba- 
rism, that  they  despised  the  use  of  letters,  and  remained  for 
centuries  in  intercourse  with  the  cultivated  Massilians,  and 
with  Roman  colonies,  without  adopting  this  art ;  and  that  all 
the  sepulchral  remains  of  the  northern  regions  are  without 
inscriptions,  or  a  single  name  that  may  be  a  clue  to  their 
various  history.  On  the  other  hand,  parts  of  Asia  and 
Africa,  now  the  seat  of  barbarism,  are  covered,  if  we  may 
use  the  expression,  with  inscriptions.  Numerous  and  long 
inscriptions  scattered  over  all  India  on  rocks,  the  sides  of 
caves,  and  on  various  monuments,  in  Cabul,  through  the  an- 
cient empires  of  Iran  and  Assyria,  through  Hadramaut  and 
Oman,  the  remotest  districts  of  Arabia,  and  through  the 
North  of  Africa,  to  say  nothing  of  the  more  celebrated  relics 
of  Egypt,  prove  that  the  use  of  letters  was  well  known  in 
these  countries  at  a  time  when  Europe  was  barbarous.  In 
all  those  countries  inscriptions,  which  have  been  gazed  at 
with  stupid  wonder  by  the  descendants  of  the  people  who 
composed  them,  and  have  been  regarded  as  the  workman- 
ship of  genii  and  imps,  have  been  at  length  read  and  ex- 
plained for  the  first  time  after  twenty  centuries.  All  tiiis 
has  been  done  within  a  few  years.  The  discovery  began,  as 
every  one  knows,  with  the  deciphering  of  the  Egyptian  hiero- 
glyphics. The  effoi-ts  of  Dr  Young  and  ChampoUion  gained 
the  clue,  unravelling  mysteries  in  a  field  where  it  has  been  re- 
served for  a  distinguished  scholar  of  the  present  day  (the  Che- 
valier Bunsen)  to  erect  the  edifice  of  the  most  ancient  history 
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of  the  world, — a  monument  of  the  intelligence  of  modern  Eu- 
rope more  exalted  than  the  royal  pomp  of  the  Pyramids, 
whose  real  builders  now,  for  the  first  time,  come  forth  to  our 
view  after  having  been  concealed  in  the  rubbish  of  4000 
years.  Scarcely  less  remarkable  is  the  achievement  of  our 
illustrious  countryman  Mr  Prinsep,  in  the  East,  who  has 
read  and  interpreted  the  inscriptions  spread  over  India  and 
Afghanistan.  It  is  a  curious  fact,  that  these  most  ancient 
records  of  the  furthest  East  preserve  not  the  victories  of 
warriors,  but  the  decrees  of  Buddhistical  sovereigns,  com- 
manding throughout  the  provinces  of  their  great  empire  the 
establishment  of  hospitals  for  the  cure  of  men  and  brute  ani- 
mals. Many  curious  facts  in  history  have  been  preserved  by 
these  inscriptions,  and  among  others  the  extension  of  a 
Macedonian  empire  over  a  great  part  of  India,  and  the  con- 
quest of  the  Island  of  Ceylon  by  a  sovereign  of  Hindustan 
three  centuries  before  the  Christian  era.  Not  less  remark- 
able are  the  inscriptions  cut  in  letters  composed  of  wedge- 
shaped  strokes  which  are  spread  through  the  empire  of  the 
great  Cyrus,  and  have  been  lately  read.  These  were  en- 
graved by  the  subjects  of  the  Persian  kings.  Another  set 
of  these  cuneiform  inscriptions  belonged  to  the  older  Assy- 
rians and  Eabylonians.  The  clue  to  all  these  discoveries  was 
obtained  by  Dr  Grotefend,  Lassen,  and  Burnouf;  and  by 
its  aid  our  countryman.  Major  Rawlinson,  has  succeeded  in 
reading  the  history  of  the  Achaemenidae  engraven  on  their 
own  monuments  in  a  language  which  was  doubtless  spoken 
at  the  courts  of  Susa  and  Persepolis,  but  has  not  been  heard 
since  the  overthrow  of  the  last  Darius.  Even  the  old  Assyrian 
inscriptions  are  now  partially  understood,  and  the  name  of 
Nebuchadnezzar  has  been  found  on  the  walls  of  his  palaces. 

Many  ethnological  facts  may  be  collected  from  these  in- 
scriptions. I  sball  instance  the  supposed  existence  of  the 
Affghans  among  the  nations  subject  to  Darius,  and  who^ 
doubtless,  contributed  to  form  tlie  armies  that  fought  at  Mara- 
thon and  Thermopylae.  It  would  be  curious  to  find  the  an- 
cestors of  Akhbar  Khan  among  the  invaders  of  Europe  2000 
years  ago. 

The  inscriptions  spread  through  Arabia  and  Ethiopia  will 
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probably  throw  light  on  the  most  ancient  relations  between 
Asia  and  Africa.  We  may  expect  to  find  in  them  the  his- 
tory of  those  queens  of  Ethiopia  who  reigned  successively 
under  the  name  of  Candace,  known  to  the  generals  of  Au- 
gustus CflDsar,  and  one  of  whom  is  mentioned  by  St  Luke  the 
Evangelist. 

I  shall  only  refer  to  another  set  of  inscriptions  deciphered 
within  a  few  years  in  several  of  the  ancient  Italic  languages, 
by  means  of  which  we  have  gained  some  knowledge  of  the 
languages  spoken  in  Italy  before  the  ascendancy  of  Rome. 
They  have  afforded  an  ethnological  result,  which  is  also  of 
some  importance  in  relation  to  classical  history.  It  seems 
from  them  that  the  old  Italic  nations,  the  Latins,  the  Um- 
brians,  the  Opici  or  Oscans,  the  Ausonians,  the  Siculians, 
the  Samnites  and  Sabines,  all  the  old  Italic  nations  except 
the  Tuscans,  were  not,  as  the  older  writers,  Freret,  Larcher, 
and  even  as  Niebuhr  supposed,  partly  Celtic  or  other  bar- 
baric tribes,  and  partly  Greeks,  or  at  least  Pelasgi,  but  a 
distinct  and  particular  branch  of  the  Indo-European  family 
of  nations,  and  that  they  all  spoke  dialects  of  one  language, 
which  may  be  termed  the  old  Italic,  and  of  which  Latin  is 
but  one  variety. 

The  most  important  aids  to  historical  researches  into  the 
origin  and  affinity  of  nations  is  undoubtedly  the  analytical  com- 
parison of  languages.  This  may  be  considered  as  almost  a  new 
department  of  knowledge,  since,  although  long  ago  sketched 
out,  and  followed  to  a  certain  extent,  it  has  been  wonderfully 
augmented  in  recent  times,  and  it  is  only  in  its  later  deve- 
lopment that  it  comes  to  have  any  important  relations  with 
ethnology.  Leibnitz  is  considered  to  have  been  its  origina- 
tor. The  Adelungs,  Vater,  Klaproth,  Bopp,  Frederick  Schle- 
gel,  and  Jacob  Grimm,  have  been  among  its  most  successful 
cultivators  ;  and  lastly,  to  William  von  Humboldt  it  owes  its 
greatest  extension  and  the  character  of  a  profound  philoso- 
phical investigation.  But  it  is  not,  in  this  point  of  view  that 
I  contemplate  the  results  of  philological  researches.  It  is 
as  an  auxiliary  to  history,  and  as  serving  in  many  instances 
to  extend,  combine,  and  confirm  historical  evidence,  that  the 
comparison  of  languages  contributes  to  the  advancement  of 
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ethnology.    Great  caution  is,  however,  requisite  when  we  at- 
tempt to  draw  inferences  as  to  the  relationship  of  nations 
from  the  resemblance  or  even  identity  of  their  language. 
"We  know  that  conquests,  followed  by  permanent  subjuga- 
tion, have  caused  nations  to  lose  their  original  languages  and 
adopt  those  of  their  conquerors.     The  intercourse  of  traffic 
between  neighbouring  countries,  the  introduction  of  a  new 
religion  or  of  new  habits  of  life,  especially  when  rude  and 
barbarous  tribes  have  been  brought  into  near  connection  with 
civilized  ones,  have  given  rise  to  great  changes  in  the  origi- 
nal idioms  of  nations,  and  have  caused  languages  originally 
different  to  approximate.     It  is  only  when  we   have  good 
reasons  for  believing  that  no  contingent  event  has  inter- 
fered to  change  the  original  speech  of  any  particular  race, 
or  supplant  it  by  the  idiom  of  a  different  tribe,  that  we  can 
be  justified  in  founding  on  such  ground   an  argument  as 
to  affinity  in  descent.     Evidence  may  be  collected  on  this 
point  sometimes  from  historical  facts,  or  from  considerations 
founded  on  the  known  condition  of  particular  nations.  When 
we  learn  from  history  that  two  nations  have  been  remotely 
separated  from  each  other  from  a  very  distant  age,  and  have 
never  been  brought  into  habits  of  intercourse,  we  may  pre- 
sume, that  marks  of  affinity  discovered  in  their  languages  can 
bear  no  other  explanation  than  that  of  an  original  unity  of 
descent.     In  other  instances,  phenomena  are  discoverable  in 
languages  themselves  which  enable  us  to  determine  whether 
traits  of  resemblance  have  been  the  effect  of  late  inter- 
course between  nations,  or  arose  in  the  original  develop- 
ment of  their  languages,  and  thus  prove  a  common  origin  in 
the  tribes  of  people  who  speak  them.     A  careful  analysis 
will  often  detect  analogies  of  such  kind  as  to  afford  un- 
doubted evidence  of  primitive  affinity  between  languages 
which  have  acquired  in  the  lapse  of  time  and  the  course  of 
events  great  differences,  and  when  each  dialect  has  become 
unintelligible  to  people  who  speak  another  of  the  same  stock. 
The  investigation  of  affinity  between  languages  has  lately  as- 
sumed the  character  of  a  scientific  study,  and  when  pursued 
with  reference  to  certain  general  principles,  has  led  to  strik- 
ing and  important  results.     I  shall  briefly  advert  to  some  of 
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these  principles  which  have  not  yet  been  stated,  as  far  as  I 
know,  in  a  systematic  manner. 

It  is  the  prevalent  opinion  of  philologists,  that  the  most 
extensive  relations  between  languages  and  those  which  are 
the  least  liable  to  be  effaced  by  time  and  foreign  intercourse, 
are  the  fundamental  principles  of  construction.  Grammatical 
construction,  or  the  laws  which  govern  the  relations  of  words 
in  sentences,  appear  to  be  very  enduring  and  constant,  since 
it  extends  to  whole  classes  of  languages  which  have  few 
words  in  common,  though  it  is  supposed  that  they  originally 
had  more.  But  beyond  this,  there  is  a  cognate  character  in 
words  themselves  which  pervades  the  entire  vocabulary  of  a 
whole  family  of  languages,  the  words  being  formed  in  the 
same  manner,  and  according  to  some  artificial  rule.  This 
may  be  exemplified  by  the  monosyllabic  structure  of  the 
Chinese  and  Indo-Chinese  languages,  and  by  the  principle 
of  vocalic  harmony  pervading  the  languages  of  High  Asia,  to 
which  I  shall  have  occasion  again  to  advert.  Of  grammati- 
cal analogy,  or  correspondence  in  the  laws  of  inflection  and 
construction,  we  have  a  specimen  in  the  Aboriginal  languages 
of  the  New  World,  whose  structure  is  known  to  be  very  com- 
plicated and  artificial,  and  at  the  same  time  common  to  all 
the  idioms  of  America  which  have  been  examined. 

Another  example  of  a  more  definite  character  is  afibrded 
by  the  grammatical  structure  of  the  languages  of  High  Asia 
and  Great  Tartary,  and  a  still  more  striking  one  by  that  of 
the  Indo-European  idioms. 

Connected  with  the  subject  of  the  formation  of  words  is 
the  remark,  that  in  the  various  branches  of  particular  fa- 
milies of  languages  which  spring  by  gradual  development 
from  the  same  root,  the  elements  of  words,  consonants  and 
occasionally  vowels,  are  found  to  undergo  changes  accord- 
ing to  certain  rules.  Particular  classes  of  consonants  in  one 
language  are  substituted  for  other  classes  in  another  lan- 
guage of  the  same  family.  One  European  idiom,  for  ex- 
ample, substitutes  palatine  letters  for  sibilunts  ;  another  re- 
jects them  both,  and  substitutes  labials  in  their  place. 
When  corresponding  phenomena  can  be  traced  through  a 
great  part  of  the  vocabulary  of  two  languages,  we  recognise 
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a  proof  that  the  languages  so  related  must  have  been  de- 
rived from  one  root,  the  ramifications  of  which  have  been  dif- 
ferently developed. 

The  existence  of  similar  words  in  several  languages,  even 
when  such  resemblances  are  very  numerous,  does  not,  in  all 
cases,  afford  proof  that  the  languages  in  question  belong  to 
the  same  family,  since  intercourse  between  different  nations 
often  gives  rise  to  the  adoption  of  expressions  by  one  tribe 
for  the  language  of  another,  as  the  English  have  adopted  a 
great  many  words  from  the  French,  and  the  Welsh  a  still 
greater  number  from  the  English.  The  question,  whether  a 
considerable  number  of  common  or  similar  words  in  two  lan- 
guages affords  evidence  of  original  connection  between  them, 
may  be  solved  by  adverting  to  the  particular  sorts  of  words 
which  are  found  to  resemble.  Even  when  one  nation  has  de- 
rived from  another  a  considerable  proportion  of  its  entire 
stock  of  words,  there  often,  and  indeed  generally,  remains  an 
indigenous  or  aboriginal  vocabulary,  if  I  may  be  allowed  the 
expression,  or  a  home-bred  speech,  consisting  of  such  words 
as  children  learn  in  early  infancy,  and  in  the  first  develop- 
ment of  their  faculties.  This  domestic  vocabulary  consists  of 
words  of  the  first  necessity,  such  as  those  denoting  family 
relations,  father,  mother,  child,  brother,  sister;  secondly, 
words  denoting  parts  of  the  body,  and  material  objects,  for 
which  children  have  names;  thirdly,  personal  pronouns, 
which  are  found  to  be  amongst  the  most  durable  parts  of 
language ;  fourthly,  the  numerals,  especially  the  first  ten ; 
fifthly y  verbs  expressive  of  universal  bodily  acts,  such  as,  to 
eat,  drink,  sleep,  walk,  talk,  &c. ;  sixthly,  names  of  domestic 
animals.  As  no  human  family  was  ever  yet  without  its  own 
stock  of  such  words,  and  as  they  are  never  changed,  within 
the  narrow  domestic  circle,  for  other  and  strange  words,  they 
are  almost  indestructible  possessions  ;  and  it  is  only  among 
tribes  who  have  been  entirely  broken  up  and  enslaved,  so 
that  family  relations  have  been  destroyed,  that  this  domes- 
tic languiige  can  have  been  wholly  lost.  Tribes  and  fami- 
lies spread  abroad  have  preserved  them  for  thousands  of 
years,  in  a  degree  which  has  allowed  an  easy  recognition  of 
this  sign  of  a  common  origin. 
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A  second  class  of  words,  which  are  common  to  nations 
who  had  attained  some  degree  of  refinement  before  the  era 
of  their  separation,  consists  of  terms  connected  with  simple 
arts,  such  as  simple  nations  early  acquire,  as,  to  plough,  to 
weave,  to  sew ;  names  of  metals,  of  weapons,  tools,  articles 
of  dress.  It  may  be  observed,  that  words  of  this  class  are 
often  common  to  nations  whose  domestic  vocabularies  are  dif- 
ferent ;  and,  on  the  other  hand,  often  different  when  the  do- 
mestic vocabulary  is  nearly  the  same. 

A  careful  investigation  of  the  phenomena  of  resemblance 
or  analogy,  which  discover  themselves  on  comparing  different 
languages,  on  the  principles  to  which  I  have  now  adverted, 
will  go  far  towards  an  elucidation  of  the  question,  whether 
such  phenomena  of  resemblance  belong  to  the  primitive  and 
original  parts  of  language,  and  therefore  prove  a  common 
origin  in  the  nations  to  which  they  belong,  or  are  of  later 
date,  and  are  referable  to  intercourse,  or  conquest,  or  some 
secondary  and  contingent  cause.  Such  an  investigation  will, 
at  least,  greatly  aid  and  confirm  the  conclusions  which  we 
may  draw  from  historical  evidence  of  a  different  kind  as  to 
the  history  of  tribes,  and  their  mutual  relations  to  each 
other. 

I  shall  now  advert  to  some  of  the  principal  instances  in 
which  ethnology  has  been  extended  through  the  medium  of 
researches  into  the  affinities  of  languages  confirmed  by  his- 
torical facts. 

Nearly  the  whole  continent  of  Asia  and  Europe  is  divided 
between  four  great  classes  of  languages  ;  and  in  this  instance 
history  affords  reason  to  conclude,  with  great  probability, 
that  the  affinities  of  language  really  mark  out  as  many  races 
or  great  families  of  nations.  These  four  sets  of  languages 
alluded  to  are,  1.  The  Indo-European  Languages.  2.  The 
Northern  Asiatic,  which,  for  reasons  to  be  explained,  1  shall 
term  tlie  Ugrian  or  Tartarian  Languages.  3.  The  Syro-  Ara- 
bian or  Semitic  Languages.  4.  The  Chinese  or  Indo-Chi- 
nese, or  the  Monosyllabic  or  Uninflected  Languages. 

1.  The  name  of  Indo-European  was  first  given  some  years 
since  (by  the  writer  of  a  review  of  Adelung's  Sprachenkunde, 
in  the  Quarterly  Review)  to  a  group  of  languages  which  in- 
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eludes  a  great  many  of  the  principal  idioms  of  Europe  and 
Asia.  It  may  be  divided  into  several  different  groups.  The 
first  group,  or  the  Classical  (as  it  may  be  termed,  for  the  sake 
of  distinction),  includes  those  languages  in  which  are  the  chief 
remains  of  ancient  literature  ;  and  these  are  more  perfectly 
inflected,  and  have  a  more  complete  grammatical  construc- 
tion than  the  rest.  They  are  three,  viz.,  the  Sanskrit,  Greek, 
and  Latin,  w^hich  perhaps  resemble  each  other  nearly  in  an 
equal  degree.  The  second  group  in  this  first  class  consists 
of  languages  very  nearly  allied  to  the  Sanskrit,  viz.,  the  an- 
cient languages  of  Persia  and  Media.  They  are,  1.  The  idiom 
in  vi^hich  the  Persepolitan  and  other  Persian  cuneiform  in- 
scriptions are  written,  so  nearly  approaching  the  Sanskrit, 
that  the  meaning  has  been  made  out  through  this  resem- 
blance. 2.  The  Zend,  in  which  the  Zendavesta,  or  the  Scrip- 
tures of  the  Fire-worshippers  or  followers  of  Zoroaster  were 
written,  is  another  language  of  this  group,  to  which  we  may 
add  the  modern  Persian.  3.  The  next  branch,  reckoning  by 
the  degrees  of  af&nity,  to  the  Sanskrit,  is  the  Old  Prussian 
family,  including  the  Lettish  and  Lithuanian.  The  Lettish 
and  Lithuanian  are  said  to  resemble  the  Sanskrit  more  near- 
ly than  any  other  European  dialect ;  and  Von  Bohlen,  who 
has  written  a  work  on  this  subject,  assures  us  that  he  could 
compose  whole  sentences  in  Sanskrit,  which  would  be  intel- 
ligible to  the  peasants  of  Lithuania.  4.  The  Germanic  fa- 
mily constitutes  a  fourth  group.  5.  The  Slavic  or  Slavonic, 
or  Sarmatian  languages,  are  a  fifth  section.  They  compre- 
hend the  languages  of  the  eastern  parts  of  Europe,  the  Rus- 
sian, Polish,  Bohemian,  and  the  dialects  of  a  great  part  of 
the  countries  in  Europe  subject  to  the  Turkish  empire. 

I  shall  now  stop  to  inquire  what  inferences  can  be  drawn 
from  these  philological  facts. 

We  know  from  history,  that  the  nations  above  mentioned 
have  been  spread,  from  a  remote  age,  over  the  regions  which 
they  now  inhabit.  The  Teutonic  and  Scandinavian  tribes 
of  the  German  race  were  known  to  Pytheas,  on  the  shores  of 
the  Baltic,  in  the  time  of  Aristotle,  and  the  Brahmans  who 
spoke  Sanskrit,  to  Megasthenes  at  the  court  of  Palibothra, 
supposed  to  be  Patna,  soon  after  the  same  period.     All  an- 
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cient  Germany,  Sarmatia,  Italy,  Greece,  Persia,  Media,  India, 
were  then  inhabited  by  independent  races  of  people,  speaking 
different  languages,  but  languages  strikingly  analogous  and 
palpably  allied  to  each  other.  The  question  which  now  oc- 
curs'to  be  solved,  is,  whether  these  circumstances  prove  the 
nations  themselves  to  have  descended  from  a  common  origin, 
or  admit  of  any  other  explanation  \  Foreign  conquests  have 
often  introduced  new  languages  among  nations ;  but  it  is 
hard  to  conceive  any  such  hypothesis  applicable  to  the  facts 
now  under  consideration.  If  we  suppose  an  Asiatic  tribe, 
speaking  any  one  idiom  belonging  to  this  dynasty  of  lan- 
guages, to  have  made  conquests  ever  so  extensive  in  Europe, 
without  leaving  any  traces  in  history,  which  is  next  to  im- 
possible, we  could  not  imagine  that  they  would  introduce  the 
German  language  among  the  German  race,  and  the  Slavonic 
among  the  widely-spread  natives  of  Sarmatia,  Ihe  Greek 
among  the  Greeks,  the  old  Italic  among  the  ancient  nations 
of  Italy.  Any  person  who  considers  the  nature  of  that  deeply- 
rooted  affinity  which  exists  between  these  languages,  will 
find  convincing  proof  that  their  analogies  are  not  engrafted, 
but  spring  out  of  their  very  fundamental  structure.  If  we 
take  into  account  the  immense  extent  of  the  countries  over 
which  these  nations  were  spread  from  so  early  a  period,  we 
cannot  refer  their  affinity  of  speech  to  any  circumstances  ac- 
cidental and  necessarily  of  restricted  and  merely  local  in- 
fluence. It  must  have  been  the  result  of  a  gi^adual  devia- 
tion of  one  common  language  into  a  multitude  of  diverging 
dialects ;  and  the  conclusion  that  is  forced  upon  us,  when 
we  take  all  the  conditions  of  the  problem  into  consideration, 
is,  that  the  nations  themselves  descended  from  one  orisrinal 
people,  and,  consequently,  that  the  varieties  of  complexion, 
and  other  physical  characters  discovered  among  them,  are  the 
effects  of  variation  from  an  originally  common  type. 

Besides  the  languages  which  I  have  enumerated  as  the 
principal  members  of  the  Indo-European  family,  other  groups 
have  been  more  lately  admitted,  and  some  of  them  appear  to 
be  more  remotely  allied  to  that  stock.  One  of  these  is  the 
Celtic  language,  which  was  at  one  time  asserted  to  be  en- 
tirely distinct,  and  of  separate  origin  from  the  Indo-Euro- 
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pean  stock.  Their  affinity  to  that  stock  is  now  generally  ad- 
mitted, though  some  persons  think  that  their  descent  is  not 
genuine,  and  that  they  spring  from  an  intermixture  of  an 
Indo-European  with  a  more  ancient  aboriginal  or  perhaps 
a  Finnish  speech.  In  the  east  of  Europe,  the  Skippetarians, 
or  Arnauts,  or  Albanians,  the  descendants  of  the  ancient 
Illyrians,  and  Epirots  and  Macedonians,  speak  a  distinct 
idiom,  which,  by  Ritter  von  Xylander,  has  been  proved  to  be 
a  particular  branch  of  the  great  Indo-European  stem.  To.the 
same  stem  belong  the  dialects  of  the  Ossetes  in  Mount  Cau- 
casus, supposed  to  be  descended  from  the  ancient  Avars,  and 
those  of  the  Lesgians,  in  the  same  mountainous  region,  the 
Armenians,  all  the  Tajiks  or  real  Persians,  and,  lastly,  the 
Affghans  or  Patans,  who  speak  the  Pushtu,  language,  and 
constitute  an  intermediate  branch  between  the  Persians  and 
tlie  Indians,  more  nearly  allied,  however,  to  the  latter,  but 
still  distinct  from  both.  Thus  we  find  the  Indo-European 
family  to  comprise  nations  which  are  spread — 

Omnibus  in  terris  quae  sunt  a  Gadibus  usque 
Aurorara  et  Gangen. 

2.  The  dialects  which  belong  to  the  second  great  dynasty 
of  languages  in  both  parts  of  the  great  continent  of  the  world 
— for  thus  we  may  term  Asia  and  Europe — are  not  so  obvi- 
ously allied  as  are  those  of  the  former  stock.  Yet  the  proofs 
of  their  affinity  are  on  the  whole  sufficiently  marked.  They  are 
spread  abroad  more  widely  even  than  the  former  languages, 
and  occupy  tracts  lying  to  the  northward,  eastward,  and  west- 
ward, of  the  Indo-European  countries.  It  is  the  opinion  of 
many  who  have  investigated  these  subjects,  that  the  nations 
who  speak  dialects  of  the  Ugrian  or  Tartarian  family,  were 
spread  over  vast  regions  of  the  world  before  the  approach 
of  the  Indo-European  nations,  who  drove  them  out  towards 
the  north,  and  east,  and  west.  When  the  European  nations, 
at  a  later  period,  approached  them,  they  retired  into  the  dis- 
tant parts  of  Scandinavia,  and  in  the  Russian  empire,  beyond 
the  Valdai  Mountains,  or  the  great  Uwalli,  a  chain  which 
divides  the  waters  falling  northward  into  the  Baltic  and 
Frozen  Oceans,  from  those  which,  by  a  longer  course,  find 
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their  way  to  the  Euxine  and  Caspian.  The  Valdai  Moun- 
tains were  for  many  ages  the  boundary  which  separated  the 
Slavonic  Russians  from  the  people  of  this  second  race,  who  oc- 
cupied the  northern  border  of  Europe  and  of  Asia.  The 
tribes  who  now  belong  to  this  class  of  nations  in  Europe,  are 
the  Finns,  the  Lappes,  the  Magyars  in  Hungary,  and  a  va- 
riety of  nations  spread  through  all  the  northern  regions  of 
Russia,  from  the  White  Sea  to  far  beyond  the  Uralian  Moun- 
tains. 

On  the  high  table-land  of  Asia,  other  great  divisions  of 
people  constitute  the  main  part  of  the  Tartarian  stock. 
They  are  the  Turkish,  the  Mongolian,  and  the  Mantchu-Tar- 
tars.  It  was  from  this  family  that  all  those  nations  were  de- 
scended who  poured  themselves  down,  during  all  the  middle 
ages,  upon  Christendom  and  the  East,  who  first  overran 
the  caliphat  and  the  Asiatic  parts  of  the  Byzantine  Empire, 
and  afterwards  under  Tchingis  Khan,  conquered  all  the 
countries  intervening  between  the  Sea  of  Japan  and  the 
Danube.  The  discovery  of  a  real  and  deeply  rooted  affinity 
between  the  languages  of  these  nations,  was  a  more  difficult 
enterprise  than  the  tracing  of  relations  between  the  Indo- 
European  languages.  The  nations  of  High  Asia  who  be- 
long to  this  stock,  have  passed  under  the  general  name  of 
Tartars,  given  to  the  followers  of  Tchingis.  The  tribes  of 
analogous  speech  in  the  northern  parts  of  the  Russian  em- 
pire are  termed,  by  the  Russians,  Tchudes  and  Ugres  or 
Ogors.  Hence  the  name  of  Ugro-Tartar,  which  compre- 
hends the  whole  family.  The  writers  who  have  explored 
the  history  of  these  idioms  are  Dobrowsky,  Gyarmathi,  a 
Hungarian,  Rask,  Vater,  Abel  Remusat,  and  lastly  Dr  Schott 
of  Berlin.  The  evidence  of  affinity  between  these  nations 
themselves  is  principally  that  afforded  by  their  languages. 
It  may,  however,  be  deemed  historical,  since  history  affords 
proofs  that  no  other  explanation  can  be  found  of  the  pheno- 
mena ascertained  to  exist,  except  that  of  primitive  affinity. 
We  must  observe,  that  the  connection  of  these  languages  is 
not  merely  or  principally  a  resemblance  of  particular  words, 
such  as  might  have  been  borrowed  by  one  people  from  an- 
other.    It  is  a  deeply-rooted  affinity  in  the  original  elements 
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of  speech,  or  in  the  primitive  vocables,  and  a  striking  analogy 
in  grammatical  construction.  But  beyond  all  this,  there  is  a 
singular  resemblance  in  the  structure  of  words  themselves. 
For  example,  in  all  these  languages  that  euphonic  principle 
prevails  which  was  first  pointed  out  by  Viguier  in  the  Turk- 
ish language,  and  was  termed  the  "  quadruple  harmony  of 
vowels.'^  According  to  this  principle,  only  vowels  of  certain 
sets  can  occur  in  the  same  word.  There  are  four  such  sets  in 
the  Turkish  language,  and  this  law  pervades  all  the  dialects 
of  the  Turkish  race  spread  from  the  confines  of  China  to 
Constantinople.  It  also  prevails  in  the  idioms  of  the  Mon- 
goles  and  Kalmucks,  and  in  those  of  the  Tungusian  and  Man- 
tchu  Tartars,  who  are  masters  of  China.  It  has  likewise  been 
noticed  in  the  idioms  of  the  Finnish  and  Lapponic  nations ; 
and  Mr  Norris,  the  learned  secretary  of  the  Asiatic  Society, 
who  is  one  of  the  greatest  linguists  in  the  world,  assures  me 
that  it  is  equally  prevalent  in  the  language  of  the  Japanese, 
which  is  likewise  spoken  in  the  Lieu-kieu  islands. 

How  far  towards  the  west  the  oifsetts  of  this  race  extended 
themselves  is  as  yet  unknown.  Professor  Rask  and  others 
have  thought  the  Euskaldunes  or  Euskarians,  or  the  ancient 
inhabitants  of  Spain  and  the  South  of  France,  who  are  sup- 
posed to  have  occupied  those  countries  before  the  Celts, 
might  be  referred  to  this  stock  of  nations,  but  no  sufficient 
proof  has  been  afforded  in  support  of  this  hypothesis,  nor  does 
it  appear  at  all  established  that  the  aborigines  of  Britain 
vv'ere  a  Finnish  race,  though  this  has  been  conjectured,  and 
is,  I  beheve,  the  opinion  of  Dr  Meyer,  who  has  studied  the 
Celtic  languages  and  literature  more  successfully  than  any  of 
his  contemporaries.  On  this  subject  I  shall  say  nothing  at 
present,  since  I  hope  that  we  shall  soon  hear  it  most  ably 
treated  by  that  learned  writer,  with  some  of  whose  works  on 
the  Celtic  history  I  have  had  occasion  to  become  acquainted. 
It  is  no  small  confirmation  of  his  views  to  observe  that,  in 
many  parts  of  Western  Europe,  the  sepulchral  remains  of 
the  oldest  and  most  barbarous  class  of  inhabitants  display  a 
type  resembling  that  of  the  round-headed  Tartar  race.  If 
these  facts  should  be  fully  determined,  we  may  find  hereafter 
that  the  old  British  legend  of  Gog  and  Magog  is  at  least  true 
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in  a  mythical  sense.  But  this  subject,  though  it  involves  the 
earliest  history  of  our  ancestors,  is  still  involved  in  doubts 
which  nobody  has  yet  made  any  serious  attempt  to  dispel, 
though  it  is  within  the  reach  of  historical  research. 

On  the  present  occasion,  I  have  no  opportunity  of  going 
fully  into  the  ethnological  results  which  present  themselves 
on  considering  the  history  of  the  Ugro-Tartarian  nations.  I 
may  just  observe,  that  this  survey  brings  together,  and  re- 
presents as  branches  of  one  stock,  great  tribes  of  people  who 
differ  physically  from  each  other,  as  the  Mongolians  with 
broad  lozenge-faced  heads,  flat  noses,  and  projecting  cheek- 
bones, the  various  Turkish  races,  some  of  whom,  as  the  Kir- 
ghises  and  other  eastern  tribes,  resemble  the  Mongoles,  while 
the  Turks  of  Stamboul  and  Roum  have  a  very  different  phy- 
siognomy; the  little  black-haired  reindeer-feeding  Lappes, 
and  the  phlegmatic  fair-haired  Finns  ;  and  lastly,  the  proud 
and  lordly  Magyars,  who  have  almost  a  Grecian  physiog- 
nomy. 

3.  The  third  family  of  nations  reckoned  among  the  princi- 
pal races  of  the  great  Continent,  are  the  Chinese  and  Indo- 
Chinese  nations.  They  are  brought  into  one  department  by 
the  resemblance  of  their  languages,  all  of  which  consist  of 
monosyllabic  words,  incapable  of  grammatical  inflection,  and 
likewise  by  their  great  physical  resemblance  and  geographi- 
cal proximity, 

4.  The  fourth  great  family  of  nations  before  alluded  to  are 
the  Syro-Arabian,  or,  as  German  writers  term  them,  the 
Semitic  nations,  to  which  stock  the  ancient  Hebrews  and 
Assyrians,  and  Syrians  and  Arabs  belonged.  The  Arabian 
branch  has  spread  its  language  over  all  the  countries  for- 
merly occupied  by  these  nations.  Late  researches  into  the 
languages  of  Northern  Africa  indicate,  that  the  Syro-Arabian 
stock  extended  originally  much  farther  into  that  part  of  the 
world  than  was  formerly  supposed. 

I  shall  not  now  attempt  to  enumerate  all  the  great  families 
of  languages  or  of  nations  in  the  world,  and  perhaps  I  have 
already  trespassed  too  long  on  the  time  and  patience  of  the 
Society.     I  shall  sum  up  what  remains  to  be  said  in  a  few 
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general  observations  on  the  principal  divisions  of  the  human 
family. 

The  languages  of  Africa  are  not  sufficiently  known  to  be 
accurately  classified  or  referred  to  particular  groups,  which 
we  may  consider  with  any  degree  of  certainty  as  comprising 
the  whole  number.  We  may,  however,  reckon  several  great 
families.  These  are,  1.  The  North-African  languages,  more 
or  less  connected  with  the  Syro- Arabian  idioms.  To  this 
department  are  referrible  with  different  degrees  of  evidence, 
1.  The  Abyssinian  languages,  the  Ghiz,  Tigre,  and  Amhara 
languages,  and  perhaps  also  the  Galla  dialects  spoken  by  no- 
madic nations  through  an  immense  space  to  the  southward  of 
Abyssinia,  including  the  idiom  of  the  Somali  on  the  eastern 
coast.  2.  The  Berber,  Kabylian,  and  Shillah  languages,  which 
are  dialects  of  the  ancient  Lybian.  Professor  Newman,  who 
has  studied  these  languages  with  greater  success  than  any 
other  person,  considers  them  as  a  branch  of  the  Syro-Arabian 
family,  correlative  with  the  ancient  Hebrew,  Phoenician,  and 
Syrian. 

A  ^third  division  in  this  North- African  family  is  the  idiom 
of  the  Hausa  Negroes  in  the  inland  parts  of  Africa  or  Sudan. 
This  language,  as  Professor  Newman  has  proved,  has  gram- 
matical affinities  to  the  Syro-Arabian  languages. 

A  second  African  family  of  languages,  of  perhaps  equal 
extent,  are  the  Kafir  languages.  More  or  less  of  affinity, 
both  in  words  and  in  grammatical  structure,  pervades  all  the 
known  languages  of  the  black  woolly-haired  nations  to  the 
southward  of  the  equator,  including  all  the  Kafir  nations,  the 
Suaheli  on  the  eastern  coast,  and  the  nations  of  the  so-termed 
Empire  of  Congo.  It  must  be  observed  that  some  of  the 
tribes  belonging  to  this  division  have  Negro  features,  while 
others  have  the  Kafir  figure  and  a  physiognomy  of  a  very 
diff^erent  type. 

3.  The  language  of  the  Hottentots  and  Bushmen  constitute 
a  third  group. 

4.  The  languages  of  the  Negro  nations  of  Western  Africa. 
The  most  correct  enumeration  of  these  languages  as  yet 
made,  classified  according  to  these  vocabularies,  is  that  which 
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was  laid  before  the  Ethnological  Section  of  the  British  As- 
sociation by  Dr  Latham,  two  years  ago,  at  York. 

The  languages  of  America,  as  yet  generally  known,  be- 
long to  one  type  as  far  as  grammatical  structure  is  con- 
cerned, and  that  a  very  peculiar  one,  and  strongly  marked. 
It  is  possible  that  exceptions  may  hereafter  occur  to  this 
remark,  and  Dr  Buschmann,  the  learned  editor  of  Baron 
William  von  Humboldt's  posthumous  works,  who  has  for 
several  years  been  employed  in  preparing  for  the  press  a 
work  on  the  American  languages,  written  partly  by  William 
Humboldt,  and  partly,  as  I  believe,  by  himself,  informs  me 
that  he  has  found  exceptions  to  the  general  character  of 
these  languages,  though  he  does  not  consider  as  such  the 
Othomi  language  which  Naxera,  a  Mexican  writer,  supposed 
to  be  a  monosyllabic  idiom,  and  therefore  very  unlike  the 
polysyllabic  and  polysynthetic  languages,  as  they  have  been 
termed,  of  America.     Several  of  the  learned  cultivators  of 
philology,  who  have  done  credit  to  the  rapidly  increasing 
literature  of  the  United  States,  have  succeeded  in  classi- 
fying the  native  languages  of  North  America,  and  referring 
them  to  a  comparatively  small  number  of  families  of  great 
extent.     These  families  are  regarded  by  M.  Gallatin  as  dis- 
tinct from  each  other  in  relation  to  their  vocabulary.     Dr 
Latham,  who  has  attentively  studied  their  vocabularies,  is  of 
opinion  that  there  is  a  greater  connection  between  the  differ- 
ent mother-tongues  of  the  American  nations,  if  we  may  use  the 
expression,  than  M.  Gallatin  supposed.     On  this  question  I 
am  unable  to  offer  an  opinion  ;  but  certainly  the  probability 
is  on  Dr  Latham's  side,  since  it  is  very  unlikely,  though  per- 
haps the  fact  is  not  without  example,  that  languages  which 
have   so   great  a  similarity  in  structure  as  the  American 
idioms,  should  yet  display  no  proofs  of  affinity  in  their  vo- 
cabulary. 

I  need  not  observe  that  the  conclusion  to  be  drawn  in  re- 
gard to  the  community  or  diversity  of  origin  between  the 
different  American  languages,  is  one  very  interesting  in  an 
ethnological  point  of  view,  especially  if  we  take  into  account 
the  very  considerable  physical  differences  which  separate 
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some  of  the  American  nations,  as  the  Esquimaux,  from  the 
rest. 

It  is  a  matter  of  still  greater  interest  to  determine  whether 
the  American  idioms  bear  any  analogy  to  those  of  the  Old 
Continent  sufiicient  to  furnish  an  argument  of  common  origin. 
It  has  been  observed  that  the  Euskarian  idiom,  the  old  Iberian, 
probably  the  oldest  known  language  of  the  west  of  Europe, 
has  a  resemblance  in  structure  to  the  dialects  of  the  American 
nations ;  and  an  American  writer,  Dr  M'Culloh,  has  argued 
from  this  fact,  that  the  nations  of  the  New  World  had  an 
European  origin.  But  there  are  great  diversities  as  well  as 
resemblances  between  the  Euskarian  and  the  American 
languages,  and  nothing  certain  can  be  concluded  from  this 
argument,  which,  however,  must  not  be  entirely  overlooked. 
It  is  observable  that  the  races  of  people  in  the  extreme  north- 
east of  Asia,  beyond  the  river  Kolyma,  are  described  as  differ- 
ing considerably  in  physical  conformation  from  the  nations 
of  Great  Tartary.  Very  little  is  known  of  their  languages ; 
and  it  might  possibly  lead  to  some  important  discoveries  if 
we  could  compare  these  unknown  idioms  with  those  of 
the  hunting  tribes  on  the  opposite  parts  of  America,  par- 
ticularly the  Athabascas,  and  the  nations  bordering  upon 
them.  It  has  been  long  ago  ascertained,  that  one  language 
is  common  to  the  two  continents,  I  mean  that  of  the  Esqui- 
maux and  the  Fishing  Tchuktchi  in  Asia,  whose  idioms  cer- 
tainly belong  to  the  same  stock. 

In  the  South  Sea  there  are,  as  I  have  observed,  several 
distinct  races.  The  most  important  of  these  are  the  Poly- 
nesians, descended  from  the  Malays,  from  whom  they  differ 
physically.  The  history  of  the  Papua  races  is  very  inte- 
resting. They  resemble,  in  some  particulars,  the  Africans 
of  the  Gold  Coast,  but  differ  widely  in  the  shape  of  their 
heads  from  all  the  Negro  races.  Some  Papua  nations,  whose 
idioms  have  been  examined,  have  been  found  to  speak  dia- 
lects of  the  Polynesian  language.  Among  them  are  the  Fi- 
gians.  "We  may  conclude  that  they  are  descended  from  Po- 
lynesians, though  probably  not  without  intermixture  with 
people  of  the  black  or  Papua  race. 
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The  Australians  constitute  a  third  race  in  these  regions. 
Their  dialects  appear,  from  the  researches  of  Captain  Gray, 
to  fonn  a  particular  family  of  languages,  displaying  great 
varieties,  but  bearing  traces  of  affinity  among  themselves, 
and  derived  from  a  common  origin.  One  of  the  most  inter- 
esting observations  as  yet  made  respecting  them  is  the  re- 
mark of  Mr  Norris,  who  has  discovered  indications  of  con- 
nection between  the  Australian  dialects  and  the  Tamulian, 
spoken  by  the  aboriginal  inhabitants  of  the  Dekhan. 

1  have  endeavoured  to  explain  what  I  believe  to  be  the 
principles  on  which  ethnological  research  must  be  conduct- 
ed, if  we  would  maintain  for  that  study  and  its  results  the 
character  of  a  really  scientific  and  philosophical  pursuit. 
The  only  certainty  that  can  be  obtained  in  the  formation  of 
groups  and  families  of  nations,  must  be  founded  mainly  on 
historical  proofs.  We  must  begin  by  establishing  the  histori- 
cal fact  of  relationship  or  consanguinity  between  tribes  of 
people,  before  we  venture  to  refer  them  to  one  race,  or  to 
assert  their  diversity  of  origin.  The  deviations  which  are 
known  to  have  taken  place  within  the  limits  of  particular 
families,  are  too  great  to  allow  us  to  assume  diversity  of 
origin  on  the  mere  ground  of  physical  difference ;  and  it  is 
equally  obvious,  that  we  cannot  assume  a  near  relationship 
on  the  simple  evidence  of  physical  resemblance. 

It  would  carry  me  far  beyond  the  limits  of  the  subject  of 
this  paper  if  I  were  to  attempt  to  sum  up  any  'general  re- 
sults, or  trace  the  bearing  of  facts  on  the  great  question  of 
the  unity  or  diversity  of  human  families ;  but  I  may  be  al- 
lowed to  conclude  with  this  remark,  that  the  farther  we  ex- 
plore the  various  paths  of  inquiry  which  lie  open  to  our  re- 
searches, the  greater  reason  do  we  find  for  believing  that  no 
insurmountable  line  of  separation  exists  between  the  now 
diversified  races  of  men ;  and  the  greater  the  probability,  judg- 
ing alone  from  such  data  as  we  possess,  that  all  mankind  are 
descended  from  one  family. 
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On  the  Motion  of  Glaciers.    By  M.  Ch.  Martins,  in  a  Letter 
to   Professor   Jameson,   Editor  of  the  Edinburgh  New 


Philosophical  Journal. 


O' 


Sir, — In  Mr  J.  D.  Forbes'  fourteenth  letter  on  glaciers, 
which  appeared  in  April  1847  in  your  valuable  Journal,  I 
observe,  at  page  330,  the  following  expression  : — "  The  opi- 
nion of  MM.  Dollfus,  Martins,  and  Collomb  is,  that  seasons 
and  weather  make  no  difference  whatever  on  the  motions  of 
the  glacier  of  the  Aar."  On  no  occasion  have  I  expressed 
the  opinion  Mr  Forbes  here  ascribes  to  me.  I  have  even 
affirmed  the  very  opposite,  in  the  course  of  Geology  which  I 
had  the  honour  to  deliver  this  winter  to  the  Faculty  of 
Sciences  at  Paris.  On  considering  what  may  have  led  Mr 
Forbes  into  this  error,  I  can  think  of  nothing  else  than  an 
expression  in  a  letter  addressed  to  M.  Arago,  and  inserted 
in  the  Comptes  E-endus  of  the  meeting  of  the  Academy  of 
Sciences  of  Paris  on  the  26th  October  1846.  At  page  824, 
it  is  stated: — "  From  the  18^/^  of  August  at  noon^  till  the  2^th 
at  half  past  six  in  the  evening^  the  glacier  has  advanced 
1™.  874,  or  0"^.  173  in  twenty-four  hours.  This  progress  has 
been  uniform  by  day  and  night,  independent  of  changes  in  the 
temperature,  of  rain  or  snow ;  in  a  word,  of  all  atmospheric 
modifications."  It  will  be  seen  that  there  is  no  reference 
here  to  the  uniform  progress  of  the  glacier  throughout  the 
course  of  the  year,  but  only  during  eleven  days  of  the  latter 
portion  of  the  month  of  August  1846. 

Allow  me,  Mr  Editor,  to  make  another  remark.  At  the 
commencement  of  his  thirteenth  letter  on  glaciers,  Mr 
Forbes  gives  an  account  of  an  experiment  made  by  him  on 
the  glacier  of  the  Bois,  and  by  M.  Dollfus  and  myself  on 
that  of  the  Grunberg,  for  the  purpose  of  measuring  the  rela- 
tive speed  of  the  surface  and  the  bottom.  He  asserts  the 
priority  of  his  experiment,  and  also  of  its  publication  in  your 
Journal  on  the  1st  October  1846.  I  think  it  due  to  my  fel- 
low-labourer M.  PoUfus,  at  present  in  Spain,  to  mention  the 
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fact,  that  an  account  of  our  experiment  and  its  results  had 
already  been  published  by  a  friend  in  the  Supplement  to  the 
Gazette  d'Augsbourg  on  17th  September  1846;  {Beylage, 
zur  AlgGmeinen  deutsichen  Zeitung,  No.  260,  p.  2079)  and 
consequently  two  weeks  before  Mr  Forbes'  account  ap- 
peared. 

Ch.  Martins,  D.  M.  &  G. 

Paris,  Quai  de  Bethune,  1847. 


On  the  Colour  of  the  Water  of  Glaciers.    By  M.  Ed.  Collomb. 

I  have  had  occasion,  many  times,  to  observe  the  waters  of 
the  torrents  which  issue  from  the  principal  glaciers  of  Swit- 
zerland ;  those  of  the  two  Grindelwalds,  the  Rosenlaui,  the 
lower  and  upper  Aar,  the  glacier  of  the  Rhone,  that  of 
Viesch,  Aletsch,  Hinter  Rhein,  the  valley  of  Saas,  and  the 
valley  of  Chamouni.  In  no  instance  that  has  come  under 
my  observation  have  the  waters  proceeding  immediately  from 
the  melting  of  the  glaciers  presented  a  blue  tint ;  I  say  im- 
mediatelg,  because  we  can  now  speak  only  of  the  water  as 
examined  at  a  short  distance  from  glaciers.  After  it  has 
traversed  a  considerable  space,  spring-water  becomes  min- 
gled with  it,  and  when  it  is  collected  in  a  tranquil  basin, 
forming  a  lake,  it  is  no  longer  the  water  of  the  glacier,  but 
has  undergone  important  modifications.  Its  constitution 
and  colour  are  no  longer  the  same. 

On  issuing  from  the  glacier,  the  water  is  always  turbid 
and  milky ;  it  is  never  limpid,  as  MM.  Agassiz  and  Ch. 
Martins  have  already  remarked  ;  and,  with  respect  to  colour, 
it  is  always  of  a  greyish  hue.  This  tint,  well  known  to  ob- 
servant artists,  varies  infinitely ;  its  scale  is  very  extensive, 
from  greenish-grey  to  bluish-grey  or  yellowish-grey,  with  a 
great  variety  of  shades.  The  colour  of  this  water  is  subject 
to  atmospheric  influences  ;  during  rain,  it  is  not  of  the  same 
hue  as  in  clear  weather.  I  could  judge  of  the  variations  in 
colour  it  undergoes,  while  making  a  series  of  regular  observa- 
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tions  at  the  terminal  vault  of  the  glacier  of  the  Aar,  in  1845 
and  1846,  for  experiments  in  gauging. 

In  fine  weather,  when  viewed  from  a  distance  in  a  mass, 
it  has  a  grey,  tarnished,  and  opaque  appearance ;  it  holds  a 
great  quantity  of  mineral  particles  in  suspension.  During 
rain,  the  grey  changes  to  ochre-yellow ;  when  examined  in  a 
flask  or  glass,  the  diflerence  of  hue  partly  disappears.  All 
this  is  explained  if  we  take  the  origin  of  this  water  into 
consideration.  It  is  derived  from  four  different  sources :  1st, 
from  the  ice  ;  2dly,  from  the  superior  neve  ;  3d,  from  rain  ; 
4thly,  from  atmospheric  condensation,  (the  spring-water 
which  may  rise  under  a  glacier  is  insignificant).  Before 
reaching  its  terminal  point,  it  performs  an  important  part  in 
the  economy  of  the  glacier.  By  means  of  canals  and  capil- 
lary fissures,  it  circulates  throughout  the  entire  mass,  and 
carries  along  with  it  the  bodies  it  encounters  in  its  passage. 

Independent  of  the  mineral  particles  whose  origin  is 
known,  it  likewise  holds  in  suspension  a  great  quantity  of 
organic  fragments,  both  vegetable  and  animal.  The  Mers 
de  Glace  of  the  high  alpine  regions  are  inhabited  by  a  multi- 
tude of  organised  beings,  as  yet  little  known.  Thus  MM. 
Oh.  Vogt  and  Bassnitz,  who  have  entered  upon  investiga- 
tions (partly  unpublished)  relating  to  the  red  snow,  which  is 
very  abundant  on  glaciers,  have  discovered  under  the  micro- 
scope, and  1  can  myself  verify  the  fact,  that  besides  the 
sporules  of  Protococcus  which  constitute  the  red  snow,  the 
waters  of  glaciers  contained  a  very  great  variety  of  frag- 
ments of  hitherto  undetermined  cryptogamous  vegetables. 
I  have  no  doubt  that  further  researches  will  enable  us 
at  a  subsequent  period  to  introduce  a  glaciary  flora  into 
science. 

With  regard  to  animal  organisms,  M.  Desor  was  the  first 
to  make  known  the  existence  of  glacier  fleas  {Desoria  gla- 
cialis.)  They  are  found  over  the  whole  extent  of  the  sur- 
face. On  the  glacier  of  the  Aar,  we  have  only  to  lift  the 
first  stone  from  the  median  moraine  to  discover  myriads. 
These  small  insects  are  so  numerous  in  their  icy  dwelling, 
that  it  acquires  a  blackish  hue  from  them.     They  are  unable 
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to  subsist  on  distilled  water ;  they  must  therefore  be  sup- 
ported by  some  organic  remains.  We  have  tried  to  feed 
them  with  the  stalk  and  sporules  of  the  protococcus  without 
any  conclusive  result.  Inclosed  in  a  vessel  surrounded  with 
a  cold  mixture,  they  are  unable  to  support  a  temperature  of 
— 18  centigrade  degrees.  This  degree  of  cold  kills  them  in 
a  few  seconds. 

These  facts  ought  to  be  impressed  on  the  memory  of  those 
who  have  occasion  to  visit  glaciers ;  they  shew  that  there  is 
a  peculiar  organisation  to  be  studied  in  such  places.  A  nu- 
merous series  of  microscopic  beings  belonging  to  the  vege- 
table and  animal  kingdom  live  and  prosper  in  the  bosom  of 
the  ice,  at  a  height  of  2500  metres  above  the  level  of  the 
sea. 

On  the  other  hand,  it  is  not  less  clearly  proved,  according 
to  the  laws  which  regulate  the  movements  of  glaciers,  that 
the  entire  mass  renews  itself  at  the  end  of  a  certain  num- 
ber of  years,  and  contains  the  mineral,  vegetable  and  animal 
remains  which  exist  on  their  surface  and  in  their  interior ; 
they  all  reach  in  succession  the  terminal  talus,  and  are  again 
found  in  the  waters  which  flow  from  the  inferior  vaults. 
Hence  the  origin  of  their  great  impurity,  and  the  grey, 
milky  colour,  without  transparency,  which  characterises 
them. — Comptes  Bendua  de  VAcademie  des  Sciences,  t.  xxiv. 
p.  1093. 


On  the  Parallel  Beads  of  Lochaber^  with  Bemarks  on  the 
Change  of  Belative  Levels  of  Sea  and  Land  in  Scotland, 
By  David  Milne,  Esq.,  F.It.S.E.,  Member  of  the  Wer- 
nerian  Natural  History  Society ;  of  the  Geological  Society 
of  London,  &c. 

There  are  few  questions  in  geology  which  have  given  rise  to  so 
many  theories,  and  so  much  speculation,  as  the  origin  of  the  parallel 
roads  in  the  valleys  of  Lochaber. 

In  the  year  1817,  the  late  Dr  MacCulloch  gave  an  elaborate 
description  of  them,  in  a  paper  read  before  the  Geological  Society  of 
London.  In  the  year  1818,  Sir  Thomas  Dick  Lauder  read  before 
the  Iloyal  Society  of  Edinburgh  a  paper,  full  of  equally  interesting 
details.     Both  of  these  observers  suggested,  in  explanation  of  the 
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shelves  which  mark  the  mountain  sides  of  these  valleys,  that  thoy 
had  been  occupied  by  lakes,  which,  by  earthquakes  or  other  violent 
convulsions,  had  been  drained.  This  theory  was  generally  received, 
until,  in  the  year  1839,  Mr  Darwin,  so  justly  celebrated  as  a  geolo- 
gist, and  an  accurate  observer,  published  his  views,  and  pronounced 
the  shelves  to  have  been  formed  by  the  sea  ;  an  opinion  which,  bo- 
sides  being  rested  on  proofs  derived  from  the  locality,  he  enforced 
also  by  his  observation  of  similar  appearances  in  South  America. 

Mr  Darwin's  opinion  has  received  the  assent  of  Sir  Roderick  I. 
Murchison,  Mr  Lyell,  and  Mr  Horner,  all  successively  Presidents  of 
the  Geological  Society,  besides  other  geologists,  both  at  home  and 
abroad,  who  are  justly  regarded  as  authorities  in  physical  science. 
Relying  on  the  soundness  of  their  views,  I  confess  that  when  I  went 
to  Glen  Roy,  in  the  year  1845,  it  was  with  a  strong  conviction  that 
the  lake  theory  was  indefensible  ;  a  view  to  which  I  was  the  more  in- 
clined, from  having  studied  certain  marks  along  different  parts  of 
the  Scottish  coast,  on  both  sides  of  the  island,  which  satisfied  me 
that  the  sea  had  recently  stood  at  a  much  higher  relative  level  than 
at  present ;  and  that,  in  its  recession,  it  had  formed,  all  round  our 
coasts,  shelves  or  beach  lines,  very  analogous  to  those  in  the  Loch- 
aber valleys.  I  had  not  been  two  days  in  Glen  Roy,  before  I  satis- 
fied myself  that  these  views  were  inapplicable  to  the  shelves  in  it 
and  its  associated  valleys.  But  I  was  unable  during  my  visit  of 
1845,  to  remain  long  enough  to  obtain  evidence  of  the  manner  in 
which  the  lakes  had  been  dammed  up,  and  eventually  drained.  I  there- 
fore resolved  to  defer  the  farther  consideration  of  the  subject,  until  I 
could  pay  a  second  visit.  This  I  accomplished  in  September  1846, 
when  I  spent  a  week  in  the  examination. 

In  the  following  paper,  I  shall  attempt  to  explain  my  reasons  for 
thinking  Mr  Darwin's  theory  inadmissible,  and  to  point  out  the 
manner  in  which,  as  it  appears  to  me,  the  lakes  were  drained, — 
not  as  supposed  by  Dr  MacCulloch  and  Sir  Thomas  Dick  Lauder,  by 
convulsions  of  nature,  but  by  the  gradual  operation  of  ordinary  causes. 

Though  it  is  the  principal  object  of  this  paper  to  account  for  the 
formation  of  the  Lochaber  shelves,  there  are  no  views  regarding  them 
which  can  be  suggested,  which  have  not  a  more  general  bearing,  and 
the  soundness  of  which  may  be  tested  by  evidence  supplied  from 
other  sources.  Former  writers,  accordingly,  and  especially  Mr  Dar- 
win, have  felt  it  to  be  necessary,  after  giving  their  explanation  of 
the  parallel  roads,  to  shew,  that  the  principles  on  which  it  rests,  arc, 
at  least,  not  inconsistent  with  any  established  truths  in  other 
branches  of  geology. 

I  shall  not  shrink  from  subjecting  the  Lake  theory,  which  I  have 
to  submit,  to  a  similar  ordeal ;  and  the  more  so,  as  I  feel  satisfied 
that  it  receives  great  support  from  geological  considerations  now 
held  to  be  well  established. 

As  the  whole  details  of  the  parallel  roads  have  been  fully  de- 
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scribed  by  former  writers,  I  shall  limit  myself  to  points  on  which  I 
have  obtained  new  information,  or  with  regard  to  which  doubts  have 
been  expressed. 

1.  One  of  the  points  of  the  class  last  referred  to,  is  the  absolute 
horizontality  of  the  shelves.  Mr  Darwin,  referring  to  Sir  Thomas 
Dick  Lauder's  observations  on  this  point  (p.  76.),  hints  at  the  possi- 
bility of  errors  and  omissions  in  the  calculation.  M.  Bravais,  in  his 
paper  on  the  lines  of  former  sea-level  in  Finmark,  suggests,  *'  that 
an  accurate  geodetic  levelling  should  be  applied  in  the  case  of  the 
doubtful  lines  in  Scotland,''  evidently  refering  to  Glen  Roy.  Mr 
Horner,  the  president  of  the  Geological  Society,  in  his  last  year's 
address,  observes  ;  *'  Mr  Darwin's  explanation  of  the  parallel  roads 
of  Glen  Roy,  that  they  are  ancient  sea-beaches,  appears  to  be  now 
generally  accepted ;  and  it  would  be  most  interesting,  if  it  were 
ascertained  by  exact  levellings,  such  as  those  of  M.  Bravais,  whether 
they  really  are  'parallel.''^  Similar  doubts  had  been  expressed  by 
Sir  R.  I.  Murchison,  Mr  Horner"'s  predecessor,  in  his  annivei*sary 
address  of  1843 ;  in  support  of  which,  he  refers  to  the  concurrent 
opinion  of  M.  de  Beaumont  and  Professor  Phillips. 

In  accordance  with  the  doubts  expressed  by  these  authorities,  the 
Geological  Section  of  the  British  Association,  at  their  last  meeting, 
agreed  on  an  address  to  Her  Majesty's  Government,  requesting  them 
to  cause  the  parallel  roads  of  Lochaber  to  be  examined  by  the  officers 
of  the  Ordnance  Survey,  to  ascertain  their  supposed  horizontality. 

I  have  no  doubt  that  the  result  of  this  official  survey,  if  made, 
will  be  to  establish  the  absolute  horizontality  of  the  shelves.  In 
August  1844,  Mr  D.  Stevenson,  at  my  request,  was  so  obliging  as 
to  examine  them,  and  the  conclusion  at  which  he  arrived,  is  explained 
in  a  letter  to  me,  from  which  I  make  the  following  extracts : — "  I 
have  had  a  number  of  levels  taken,  the  particulars  of  which  I  shall 
give  you  afterwards.  The  result^  I  think,  leaves  no  doubt  as  to  the 
perfect  horizontality  of  the  '  roads.''  The  glen  is  much  more  ex- 
tensive, both  as  regards  length  and  breadth,  than  I  anticipated,  and 
the  height  of  the  roads  above  its  bottom  is  also  very  considerable, 
and  any  thing  like  a  series  of  cross  sections,  referred  to  the  same 
datum,  would  be  a  work  of  very  great  magnitude  ;  a  month,  I  should 
say,  would  not  complete  it.  The  whole  we  have  been  able  to  do, 
therefore,  is  to  test  the  uniformity  of  the  levels  of  the  different 
roads,  by  viewing  them  with  a  good  instrument  from  several  points, 
as  was  done  by  Sir  Thomas  Dick  Lauder ;  and,  in  addition  to  this, 
a  section  was  made  along  the  middle  road,  where  it  is  pretty  well  de- 
fined from  Glen  Turret  downwards,  for  a  distance  of  nearly  3^ 
miles,  and  throughout  that  stretch,  the  road  was  found  to  be  per- 
fectly honzontal.'^  ...  "If  I  had  seen  that  any  thing  furtlier  could 
be  done,  I  would  have  left  my  assistants  for  a  few  days  longer  ;  they 
wore  there  a  week." 
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These  observations  of  Mr  Stevenson,  whose  professional  accuracy- 
is  undeniable,  confirming,  as  they  so  completely  do,  the  result  of 
Sir  Thomas  Dick  Lauder's  survey  (and  he,  too,  was  aided  by  an 
engineer,)  leave  no  doubt  in  my  mind  as  to  the  horizontality  of  the 
roads.  It  is  scarcely  necessary  to  refer  to  any  farther  and  weaker 
testimony  on  the  subject.  But  it  may  be  proper  to  add,  that  during 
the  two  occasions  when  I  visited  Glen  Roy,  I  had  a  pocket-level 
with  me,  which  I  constantly  used ;  and  that  on  the  last  visit  I  was 
accompanied  by  Mr  R.  Chambers  of  Edinburgh,  who  had  a  larger 
spirit-level,  and  we  never  could  detect  any  deviation  from  horizon- 
tality. 

2.  There  is  a  point  of  some  importance  bearing  on  the  theory  of 
the  shelves,  about  which  former  observers  have  disputed.  Mac- 
CuUoch  found  by  his  barometric  observations,  that  the  Glen  Gluoy 
uppermost  shelf  is  12  feet  above  the  highest  in  Glen  Roy;  but  he 
attributed  this  difference  to  errors  of  observation,  and  his  theory  in 
regard  to  the  formation  of  the  shelves  proceeds  expressly  on  the 
assumption  that  these  shelves  are  precisely  on  the  same  level.  Sir 
Thomas  Dick  Lauder  mentions,  however,  that  Mr  M'Lean,  the  en- 
gineer who  assisted  him,  made  the  Glen  Gluoy  shelf  12  feet  above 
that  in  Glen  Roy,  whilst  Sir  Thomas  himself  made  it  1 5  feet.  Ac- 
cording to  the  observations  made  by  myself  and  Mr  .Chambers  last 
September,  the  difference  is  much  greater.  By  levelling,  we  made 
it  29  feet ;  by  joint  barometric  and  sympiesometer  observations,  I 
made  it  23  feet. 

3.  Whilst  on  the  subject  of  Glen  Gluoy,  I  may  mention  that  I 
discovered  in  it  a  second  shelf,  which  the  barometer  shewed  to  be 
200  feet,  and  the  sympiesometer  213  feet,  below  the  level  of  the 
one  before  referred  to.  I  detected  it  first  immediately  above  the 
mouth  of  Glen  Fintec.  It  is  traceable  on  both  sides  of  the  glen, 
and  for  several  miles  upwards. 

4.  There  is  a  circumstance  of  great  importance,  in  the  theory  of 
these  roads,  on  which  I  was  so  fortunate  as  to  obtain  farther  infor- 
mation. I  allude  to  the  fact,  that  most  of  the  shelves  are  coinci- 
dent with  some  summit  level,  so  as  to  admit  of  the  waters  flowing 
over  that  level  as  over  a  lip.  Thus  the  uppermost  shelf  of  Glen 
Gluoy  No.  1,  in  Sir  Thomas  Dick  Lauder's  Memoir,  is  (as  he  ex- 
plains) exactly  coincident  with  the  water-shed  ridge  which  divides 
Glen  Gluoy  from  Glen  Roy,  so  that  the  waters  (whatever  they 
were)  which  stood  at  that  height  and  formed  the  beach  No,  1,  must 
have  flowed  out  at  the  head  of  Glen  Gluoy  into  Glen  Roy.  In  like 
manner,  the  uppermost  shelf  in  Glen  Roy,  No.  2  in  Sir  Thomas 
Dick  Lauder's  Memoir,  is  (as  he  also  mentions)  exactly  coincident 
with  the  water-shed  ridge  which  divides  Glen  Roy  from  the  valley. 
of  the  Spey ;  so  that  the  waters  which  stood  in  Glen  Roy  at  No.  2 
beach,  must  have  flowed  over  the  head  of  the  Glen  into  Spey  valley. 
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In  like  manner,  the  only  shelf  which  occurs  in  Glen  Spean,  No.  4 
in  Sir  Thomas  Dick  Lauder's  Memoir,  is  exactly  coincident  with,  or 
rather  is  a  few  feet  above,  the  pass  of  Mukkul  at  the  head  of  Loch 
Laggan,  through  which  pass,  the  waters  standing  at  the  level  of  No. 
4  must  have  flowed  eastward  into  Spey  valley.  These  coincidences, 
as  Mr  Darwin  admits,  *'  are  so  remarkable,  that  they  must  (I  use 
his  own  words)  be  intimately  connected  with  the  origin  of  the 
shelves ;  although  such  relation  is  not  absolutely  necessary,  inas- 
much  as  the  middle  shelf  of  Glen  Roy  is  not  on  a  level  with  any 
watershed:*     (P.  43.) 

The  middle  shelf  here  alluded  to  is  No.  3  in  Sir  Thomas  Dick 
Lauder's  list.  The  discovery  which  I  made,  was  its  exact  coinci- 
dence with  a  water-shed  at  the  head  of  Glen  Glaster,  a  glen  which, 
though  branching  up  from  Glen  Roy  near  the  bottom  of  it,  oddly 
enough  does  not  appear  to  have  been  visited,  and  certainly  not  to 
have  been  described,  by  any  former  observer. 

Shelves  3  and  4  are  the  only  shelves  which  enter  and  run  up  this 
glen.  Sir  Thomas  Dick  Lauder's  map  inaccurately  represents  shelf 
2  as  marking  it  on  both  its  sides.  Shelf  2  stops,  however,  on  both 
sides  of  Glen  Roy  a  little  to  the  eastward  of,  or  above  the  mouth  of 
Glen  Glaster. 

In  following  shelf  3  to  the  head  of  this  glen,  I  found  that  it  was 
there  lost  in  a  low  mossy  flat.  A  little  beyond  this  flat,  and  a  few 
feet  below  the  summit-level,  an  old  river-course  can  be  distinctly 
traced  down  a  slope  towards  Loch  Laggan.  It  has  a  rocky  bed, 
over  which  a  great  body  of  water  had  evidently  flowed  at  some 
former  period.  The  breadth  of  the  rocky  bed  is  from  30  to  40 
feet ;  the  knolls  of  rock  are  from  2  to  5  feet  high,  and  amongst 
them  are  rounded  blocks  of  stone,  such  as  occur  in  all  great  High- 
land rivers.  I  traced  this  rocky  channel  for  about  a  mile  towards 
Loch  Laggan ;  and  I  afterwai'ds  found  the  place  where  it  had  dis- 
charged its  waters  into  Loch  Laggan,  when  that  loch  stood  at  shelf 
4.  It  is  marked  by  a  huge  delta,  forming  a  projecting  buttress  at 
the  level  of  that  shelf,  and  bulging  far  beyond  the  general  side  of 
the  Laggan  valley. 

On  examining  the  rocky  knolls  attentively  in  this  ancient  river- 
course,  I  found  that  the  smooth  faces  were  all  towards  Glen  Glaster, 
and  the  rough  faces  in  the  opposite  direction,  affording  proof,  if 
such  were  needed,  that  the  stream  which  flowed  there  had  come 
from  Glen  Glaster. 

A  small  rivulet  trickles  now  among  the  rocks,  infinitely  too  feeble 
to  have  produced  the  appearances. 

It  is  now,  therefore,  established,  not  only  that  the  whole  of  the 
4  shelves  of  Lochaber  are  coincident  with  water-sheds  respec- 
tively, but  that  a  great  body  of  water  had  filled  Glen  Glaster,  and 
of  course  Glenroy,  the  outlet  of  which  was  down  this  ancient  rover- 
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course  to  shelf  4  in  Loch  Laggan,  which  is  at  a  lower  level  by  212 
feet. 

Whilst  on  this  subject,  I  may  mention  farther,  that  I  examined 
narrowly  the  interval  of  space  between  shelf  1  at  the  head  of  Glen 
Gluoy,  and  shelf  2  at  the  head  of  Glen  Turret,  where  the  last  shelf 
is  nearest  to  Glen  Gluoy.  This  space  also  appeared  to  me  to  exhi- 
bit the  features  of  an  ancient  river-course,  though  they  are  not  so 
striking  as  those  just  described.  The  distance  from  the  one  shelf  to 
the  other,  is  about  a  mile.  Where  the  Glen  Gluoy  shelf  ends, 
I'ockly  knolls  rise  above  the  moss,  water-worn  below  the  level  of  the 
shelf,  but  rough  above  that  level.  Their  smooth  faces  are  all 
towards  Glen  Gluoy.  Near  shelf  2,  in  Glen  Turret,  the  rocks  have 
evidently  been  excavated  and  cut  into  by  some  considerable  stream ; 
at  present  a  very  small  burn  runs  in  this  rocky  channel,  quite  inca- 
pable of  producing  the  appearances. 

The  grandest  exhibition  of  an  ancient  and  deserted  river-course 
is,  however,  at  the  head  of  Loch  Laggan.  The  Pass  of  Mukkul  is 
a  channel,  the  bed  and  sides  of  which  are  entirely  rock.  It  is,  at 
its  narrowest  part,  about  70  feet  wide,  the  wall  faces  being  on  each 
side  from  40  to  50  feet  high.  The  rocks  at  the  sides  are  evidently 
water- worn  for  about  30  feet  up.  To  the  eastward,  this  gorge  ex- 
pands into  a  broad  channel  of  several  hundred  yards  in  width,  di- 
vided in  the  middle  by  what  has  formerly  been  a  rocky  islet,  against 
which  the  waters  of  this  large  river  had  chafed  in  isuing  from  the 
pass.  For  nearly  a  mile  towards  the  east,  the  rocky  banks  continue 
on  each  side,  but  they  gradually  diverge,  having  between  them  a 
mossy  flat  sloping  gently  eastward.  The  smooth  faces  of  the  rocks 
within  the  probable  reach  of  the  river-waters,  are  all  towards  the 
west,  where  Loch  Laggan  is  situated.  The  height  of  shelf  4  above 
the  highest  point  of  this  deserted  channel,  is,  by  barometric  mea- 
surement, about  21  feet,  which  affords,  therefore,  some  probable 
estimate  of  the  average  depth  of  the  river.  I  have  only  to  add, 
that  no  stream  whatever  now  occupies  this  water-course,  except 
where,  for  a  short  part  of  it,  the  river  Pattaig  flows  in  a  reverse 
direction  into  the  head  of  Loch  Laggan.  This  stream  was,  when  I 
visited  it  last  September,  only  about  18  inches  deep  and  30  feet 
wide,  and  must  be  quite  inadequate  to  have  formed  the  rocky  banks 
on  each  side  of  it. 

The  ancient  river-course  now  described  is  of  much  greater  size 
than  that  at  the  head  of  Glen  Glaster,  just  as  the  Glen  Glaster 
river-course  is  of  greater  dimensions  than  those  respectively  at  the 
head  of  Glen  Gluoy  and  Glen  Roy.  The  reason  is  obvious.  The 
river  at  Mukkul  had  to  discharge  not  merely  the  waters  which  be- 
longed to  Glen  Spean,  but  also  those  which  flowed  out  from  Glen 
Glaster,  comprehending  Glen  Roy,  Glen  Collarig,  and  Glen  Gluoy. 
The  Glen  Glaster  river-course  discharged  the  waters  of  Glen  Col- 
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larig,  Glen  Gluoy,  and  Glen  Roy,  whilst  the  Glen  Gluoy  stream 
discharged  only  the  waters  of  one  lake.  Mr  Darwin  did  not  visit 
the  Pass  of  Mukkul.  If  he  had  studied  the  appearances  presented 
by  it,  and  by  those  almost  as  strikingly  exhibited  at  Glen  Glaster, 
he  would  have  found  it  impossible  to  deny  that  the  waters  which 
formed  shelves  3  and  4  flowed  down  river-courses,  and  therefore 
could  not  be  arms  of  the  sea. 

His  proposition  is,  *'  that  the  waters  of  the  sea,  in  the  form  of 
narrow  arms  or  lochs,  such  as  those  now  deeply  penetrating  the 
western  coast,  once  entered  and  gradually  retired  from  these  several 
valleys;"  and  he  adds,  that  after  considering  the  **  several  and 
successive  steps  of  the  argument,  the  theory  of  the  marine  origin  of 
the  parallel  roads  of  Lochaber,  appears  to  me  demonstrated T 
(P.  56.)  I  regret  that  Mr  Darwin  should  have  expressed  himself 
in  these  very  decided  and  confident  terms,  especially  as  his  survey 
was  incomplete ;  for  I  venture  to  think,  that  it  can  be  satisfactorily 
established  that  the  parallel  roads  of  Lochaber  were  formed  by  fresh 
water  lakes. 

1.  The  first  circumstance  which  I  shall  notice  as  fatal  to  Mr 
Darwin's  theory,  is  suggested  by  the  fact  last  referred  to,  that  the 
waters  which  formed  the  different  shelves  must  have  flowed  out  of 
the  gleiis^  and  descended  by  river-courses  to  lower  levels.  The 
waters  which  formed  No.  1  shelf  in  Glen  Gluoy  descended  nearly 
29  feet  by  flowing  into  Glen  Roy.  The  waters  which  formed  No. 
2  shelf  in  Glen  Roy  flowed  in  like  manner  into  the  valley  of  the 
Spey.  The  waters  which  formed  No.  3  shelf  were  discharged  over 
the  head  of  Glen  Glaster,  down  a  slope  of  about  212  feet  in  vertical 
height,  into  Glen  Spean.  Lastly,  the  waters  which  formed  shelf  4 
in  Glen  Spean,  issued  out  of  Loch  Laggan  by  the  ancient  river- 
course  at  Mukkul. 

Now,  any  one  of  these  cases  is  irreconcilable  with  the  notion  that 
the  shelves  had  been  formed  by  arms  of  the  sea.  There  is  no  such 
thing  in  nature  as  a  river  flowing  out  of  an  arm  of  the  sea,  to  a 
lower  level. 

Mr  Darwin,  as  we  have  seen,  admits  that  this  coincidence  of  the 
shelves  with  water.-sheds,  must  be  in  some  way  connected  with  their 
origin ;  and,  accordingly,  he  endeavours  to  give  an  explanation  of  it 
consistently  with  this  theory.  He  says  that  these  water-sheds  are 
laiid  straits^  with  sea  on  each  side  of  them,  and  that  they  consist 
of  littoral  deposits  or  accumulations  of  matter  formed  by  the  oppo- 
sition of  tides.  This  opinion,  however,  is  altogether  inconsistent 
with  the  actual  circumstances  of  the  case.  In  the  first  place,  there 
is  at  these  water-sheds  no  accumulation  of  littoral  deposits  or  de- 
trital  matter.  They  consist,  generally,  of  bared  rocks,  forming 
sloping  channels  or  water-courses.  In  the  second  place,  there  is 
no  trace  of  water  at  the  same  level,  on  each  side  of  these  water-sheds. 
In  the  third  place,  wh^ui  land   straits   are  formed  by  the  accumu- 
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lation  of  matter  from  opposition  of  tides,  it  is  not  in  situations  like 
the  heads  of  glens,  which  narrow  to  a  point,  and  at  that  point  are 
separated  by  a  small  neck  of  land, — it  is  where  there  is  space  for  a 
considerable  current  on  each  side  of  the  strait. 

For  these  reasons  I  consider  that  Mr  Darwin's  explanation  of  the 
coincidence  of  the  shelves  with  the  water-sheds  before  described,  is 
quite  inadmissible. 

2.  The  second  serious  objection  to  Mr  Darwin's  theory  arises 
from  the  fact,  that  the  shelves  in  the  different  glens  are  not  coinci- 
dent in  level.  If  they  had  been  formed  by  arms  of  the  sea,  as  the 
land  rose  out  of  it,  the  sea  should  have  formed  lines  in  all  the  valleys 
which  it  entered,  at  precisely  the  same  levels.  But  neither  of  the 
Glen  Gluoy  shelves  is  to  be  seen  in  any  of  the  other  valleys.  So 
also  the  No,  2,  or  highest  shelf  of  Glen  Koy,  and  the  next  lowest, 
or  No.  3,  do  not  occur  in  the  lower  part  of  that  glen,  or  in  the  ad- 
joining valleys  of  Glen  Glaster,  Glen  Spean,  and  Glen  Treig. 

Mr  Darwin  attempts  to  explain  one,  but  one  only,  of  these  cir- 
cumstances, viz.,  the  difference  of  level  between  No.  1  and  No.  2 
shelves,  by  a  theory  of  very  questionable  soundness.  He  says,  that 
the  tide  in  Glen  Gluoy  may  have  risen  20  feet  higher  at  the  head 
of  the  estuary,  than  at  the  head  of  Glen  Turret,  It  would  be 
necessary  that  it  should  rise  29  feet  higher.  But  if  this  were  the 
case,  then  the  shelves,  at  all  events,  in  Glen  Gluoy,  would  not  be 
horizontal  or  nearly  so  ; — they  would  have  sloped  upwards  towards 
the  head  of  Glen  Gluoy,  by  29  feet  in  the  course  of  6  or  7  miles, — ■ 
the  length  of  the  glen.  ,But  this  would  be  inconsistent  with  the 
great  and  well-established  fact  so  characteristic  of  these  Lochaber 
shelves  ;  and  moreover,  though  the  beach-lines  at  the  heads  of  the 
two  glens  might  not  be  exactly  coincident  in  level  there,  they  ought, 
at  all  events,  to  be  so  at  the  mouths  of  the  glens  where  the  supposed 
arms  of  the  sea  joined  the  main  body  of  the  ocean, — which  is  not 
pretended. 

This  theory,  however,  would  explain  merely  the  non-appearance 
of  shelf  1  in  Glen  Roy.  The  non-appearance  of  all  the  others  is  ac- 
counted for  by  Mr  Darwin,  simply  by  supposing  that  something  or 
other  had  prevented  them  being  marked  in  the  other  glens. 

In  support  of  this  view,  Mr  Darwin  refers  to  two  intermediate 
shelves  which  are  faintly  traceable  on  Tombhran  and  elsewhere,  in 
order  to  shew  that  the  water  did  produce  marks  at  some  places,  and 
not  at  others.  But,  from  the  faintness  of  those  intermediate  lines, 
it  is  manifest  that  the  water  had  stood  at  their  level  for  a  much 
shorter  period  than  at  the  levels  of  the  principal  shelves ;  and,  there- 
fore, no  fair  inference  can  be  drawn  from  the  former  applicable  to 
the  latter. 

3.  These  considerations  suggest,  however,  a  separate  and  even  a 
more  serious  objection.  Not  only  should  the  sea  have  made  mark- 
ings at  the  same  levels  in  all  the  Glens  of  Lochaber,  but  it  should 
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Iiavo  produced  similar  appearances,  and  at  the  same  levels  respec- 
tively, on  all  the  mountains  in  Scotland,  high  enough  for  the  pur- 
pose. Mr  Darwin  says,  **  that  it  would  be  more  proper  to  consider 
the  preservation  of  those  ancient  beaches  as  the  anomaly,  and  their 
obliteration  from  meteoric  agency  the  ordinary  course  of  nature." 
(P.  60.)  Supposing  him  right  in  this,  he  ought  to  have  shewn  how 
circumstances  caused  that  anomaly  at  Glen  Roy  and  its  adjoining 
vafleys.  But  he  has  not  shewn,  and  cannot  shew,  that  the  sides  of 
the  Glen  Roy  mountains,  are  in  any  respect  different  from  those 
other  highland  mountains.  Indeed,  he  has  himself  pointed  out  a 
similar  beach  lino  at  Kilfinnin,  in  a  glen  towards  Inverness.  I 
take  leave  farther  to  doubt  the  soundness  of  Mr  Darwin's  proposition, 
that  the  preservation  of  ancient  beach  lines  is  anomalous.  The 
whole  of  Scotland,  and  I  believe  also  of  the  British  Islands,  is  begirt 
with  lines  of  ancient  sea  beach. 

4.  The  ancient  sea  beaches,  now  alluded  to  as  existing  along  our 
coasts,  present  a  very  marked  contrast  with  the  Lochaber  shelves. 
If  these  shelves  had  been  formed  by  the  sea,  it  will,  I  presume,  be 
admitted  that,  considering  their  great  altitude,  they  are  of  much 
older  date  than  beach  lines  at  a  lower  level.  If  older,  then  they 
shoidd  he  less  perfect  and  entire.  But  the  contrary  is  the  case. 
They  are  incomparably  more  perfect  and  entire  than  any  of  the 
lowest  ancient  sea  terraces  which  occur  along  our  coasts. 

6.  If  the  Lochaber  roads  were  formed  by  the  sea,  the  well-known 
action  of  the  tides,  to  which  Mr  Darwin  refers,  would  have  prC" 
eluded  the  formation  of  them  along  lines  absolutely  horizontal. 

Mr  Darwin  refers  to  a  case  in  South  America,  where,  in  18 
miles,  the  tidal  wave  rises  at  one  place  20  feet  higher  than  another 
in  the  same  estuary.  Nearer  home,  in  the  Bristol  Channel,  the 
sea  rises  at  its  head  about  60  feet  hicrher  than  at  its  mouth. 

o 

The  tide  at  Blackwall  rises  12  feet  higher  than  at  Yarmouth. 
In  the  Frith  of  Tay,  the  tide  rises  at  Perth  18  inches  above  the 
level  at  Newburgh.  The  tide  at  Alloa  is  said  to  rise  2  feet  9  inches 
above  its  level  at  Leith.  At  Glasgow,  the  tide  rises  10  or  11  inches 
above  its  level  at  Greenock.  On  the  Dee,  the  level  of  high  water  is, 
at  Chester,  8  inches  above  what  it  is  at  Flint,  near  the  mouth  of  the 
river,  a  distance  of  1 1  miles. 

On  this  principle,  the  beaches  of  Lochaber,  if  formed  by  arms  of 
the  sea,  ought  all  gradually  to  rise  to  the  head  of  the  Glens — narrow- 
ing, as  these  glens  do,  towards  the  head.  But  this  is  negatived  by 
the  fact. 

6.  On  more  narrowly  considering  the  effect  of  tidal  action,  it  will 
readily  occur,  that  the  beaches  formed  by  the  sea  must  be  materally 
different  from  those  of  a  lakcy  in  which  there  is  no  movement  of  the 
water  at  the  sides,  except  such  as  is  caused  by  winds  common  to  both. 
In  the  case  of  the  sea,  there  is  not  only  a  vortical  rise  and  fall  of 
water  (which,  on  the  west  coast  of  Scotland,  is  from  8  to  16  hti) 
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twice  in  the  24  hours,  but  also  a  good  deal  of  lateral  current  alter- 
nately in  opposite  directions.  Hence  the  sea,  whilst  it  will  eat  into 
the  land  more  rapidly  than  a  lake^  will  also  spread  out  more  com- 
pletely the  detritus  washed  down  into  it.  In  a  lake,  on  the  other 
hand,  which  has  no  movements  of  water  either  vertical  or  lateral, 
the  detritus  deposited  on  the  sides  of  a  valley  occupied  by  it,  will 
be  scarcely  if  at  all  removed,  and  will  thus  form  projecting  buttresses 
nearly  flat  in  their  upper  surfaces,  and  presenting  steep  escarpmertts 
towards  the  lake. 

Now,  applying  these  two  principles  of  tidal  action  to  the  shelves 
of  Lochaber,  we  seek  in  vain  for  any  actual  indentation  into  the 
sides  of  the  hills.  The  shelves  consist  entirely  of  buttresses  which 
stand  out  from  the  sides  of  the  mountains  ;  and  these  buttresses,  so 
far  from  sloping  at  an  angle  little  less  steep  than  that  of  the  sides  of 
the  mountains  (which  should  be  the  case  with  the  sea),  form  flats  or 
terraces  which  deviate  in  general  very  slightly  from  the  horizontal. 
7.  If  the  shelves  were  formed  by  the  action  of  the  sea,  they  should 
he  most  distinct  at  'places  where  the  hill  sides  had  been  most  ex- 
posed. 

Thus,  on  the  north  and  north-west  sides  of  Craig  Dhu,  and  on  the 
west  side  of  Bohuntine,  where  there  must,  on  Mr  Darwin's  theory, 
have  been  an  open  expanse  of  ocean,  the  shelves  should  have  been 
most  distinct.  But  at  these  places,  the  three  highest  shelves  are  en- 
tirely absent  ;  the  fourth  alone  is  visible,  though,  being  the  lowest, 
it  must  have  been  less  exposed.  It  is  quite  anomalous,  on  the 
marine  theory,  that  the  shelves  should  not  have  been  formed  where 
the  force  of  waves  and  of  tidal  currents  must  have  been  greatest, 
and  that  they  should  have  been  most  distinctly  formed  in  the  higher 
and  more  sheltered  parts  of  Glen  Roy. 

The  hills  at  the  mouth  of  Glen  Roy  seem  rather  to  indicate  that 
the  highest  shelves  had  not  been  formed  on  them, — the  very  reverse 
of  what  might  have  been  anticipated  if  Mr  Darwin's  views  are  sound. 
If  they  had  been  formed,  they  would  not  have  been  obliterated,  as  is 
manifest  from  the  perfect  preservation  of  shelf  4  on  Craig  Dhu  and 
Bohuntine. 

8.  Having  stated  these  objections  to  the  theory  of  Mr  Darwin, 
I  proceed  to  consider  his  objections  to  the  theory  that  the  shelves 
were  formed  by  lakes. 

These  objections  resolve  entirely  into  the  difficulty  of  explaining 
the  disappearance  of  the  barriers,  which  must  have  dammed  back  the 
•water  in  the  valleys.  But  it  would  be  no  good  reason  for  rejecting 
an  explanation  founded  on  the  existence  of  barriers,  even  though  we 
could  not  very  clearly  account  for  the  disappearance  of  them,  pro- 
vided that  there  is  direct  and  conclusive  evidence  that  such  barriers 
existed.  Now,  I  conceive  that  there  is  such  evidence  furnished  by 
the  considerations  before  referred  to. 

Let  us  examine,  however,  the  alleged  difficulty  of  explaining,  how 
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the  waters  could  have  been  dammed  up  in  the  valleys  to  the  height 
of  the  several  shelves. 

Shelf  2  is  distinctly  marked  on  both  sides  of  Glen  Ivoy,  down  to 
a  certain  point, — and  also  on  both  sides  of  Glen  Collarig,  down  to  a 
certain  point.  At  this  period,  the  water  flowed  from  the  east  end  of 
Glen  Roy  into  the  valley  of  the  Spoy.  Something  must  have  ex- 
isted, therefore,  in  both  glens  at  the  points  above  referred  to,  to  pre-  . 
vent  the  extension  of  the  shelf  westward. 

Shelf  3,  in  both  glens,  extends  a  little  more  to  the  west  than 
shelf  2.  We  have  seen  that,  whilst  Glen  Glaster  is  exempt  from 
shelf  2,  it  is  well  marked  on  both  sides  by  shelf  3. 

To  explain  these  facts,  I  assume  that  there  was  a  blockage  of 
some  sort,  in  Glen  Roy,  which  filled  the  lower  part  of  the  valley  up 
to  the  level  of  shelf  2,  and  which  blockasje  extended  a  little  farther 
east  than  the  mouth  of  Glen  Glaster.  I  assume  also  a  similar  block- 
age in  Glen  Collarig,  which  filled  the  lower  part  of  the  valley,  and 
as  far  eastward  as  the  place  where  shelf  2  stops  in  that  glen.  This 
blockage  may  have  been  gravel,  clay,  or  any  other  detrital  matter. 

Such  is  the  supposed  state  of  things,  whilst  the  waters  stood  at 
shelf  2  in  Glen  Roy  ;  at  which  period,  it  will  be  remembered,  they 
were  discharged  to  the  eastward. 

Former  writers  have  assumed,  that  when  the  waters  sunk  from 
shelf  2,  the  amount  of  sinking  must  have  been  82  feet,  the  distance 
of  shelf  3  below  shelf  2 ;  and  that  this  sinking  had  been  one  act, 
caused  by  an  earthquake,  or  other  violent  operation,  which  all  at 
once  lowered  the  barrier  by  that  number  of  feet.  But  this  is  a  mis- 
take. MacCuUoch  takes  notice  of  a  shelf  faintly  marked  on  Tom- 
bhran  hill,  between  shelf  2  and  shelf  3,  though  he  expresses  after- 
wards some  uncertainty  about  it.  In  fact,  there  are  two  interme- 
diate shelves  visible  there  ;  and  they  are  also  discernible,  at  precisely 
the  same  level  on  Ben  Erin,  and  also  more  distinctly  near  Acha- 
vaddy,  on  the  south  side  of  Glen  Roy  ;  the  one  being  about  14  feet 
below  shelf  2,  and  the  other  about  36  feet  lower  down.*  These 
two  intermediate  shelves  clearly  indicate,  that  the  water  which  filled 
the  valley,  did  not  all  at  once  sink  from  shelf  2  to  shelf  3.  They 
prove  that  the  water  first  sunk  down  14  feet,  and  was  stationary  at 
this  level  for  some  time  ;  that  it  then  sunk  down  other  36  feet,  and 
continued  at  this  level  for  some  time ;  and  that  it  again  sunk  other 
32  feet,  at  which  level  it  remained  for  a  much  longer  period,  till  it 
formed  shelf  3. 

It  is  evident,  from  these  facts,  that  the  lowering  of  the  barrier  (of 
whatever  material  composed)  which  confined  the  water  in  Glen  Roy, 
was  a  process  of  a  more  gradual  and  ordinary  description  than  what 

'•'  There  are  hummocks  or  knolls  of  stratified  gravel  and  sand  in  Glen  Glas- 
ter, the  tops  of  which  are  all  about  36  feet  above  shelf  3.  it  is  pi'obiibie  that 
they  were  deposited  when  the  lake  stood  at  one  or  other  of  the  intermediate 
}>oints  last  mentioned. 
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former  writers,  and  especially  Mr  Darwin,  suppose.  It  is  plain,  also 
that  the  barrier  which  kept  in  the  waters  was  less  rapidly  worn 
down,  when  they  stood  at  shelves  2  and  3,  than  at  either  of  the  in- 
termediate levels.  We  see  that  at  shelves  2  and  3  the  waters  flowed 
over  rocky  ledges ;  in  the  one  case  into  Spey  valley,  in  the  other  case 
by  Glen  Glaster.  Is  it  not  fair  from  this  to  infer,  that  at  the  inter- 
mediate shelves,  the  water  flowed  over  a  blockage  of  such  a  nature 
as  was  capable  of  being  more  easily  worn  dowji  and  obliterated,  such 
as  detrital  matter  ?  It  is,  at  all  events,  obvious,  that  when  the 
water  sunk  14  feet,  the  discharge  must  have  ceased  at  the  east  end ; 
and  that  it  henceforward  would  go  on  at  the  west  end,  probably  near 
the  mouth  of  Glen  Glaster.  At  every  other  place,  the  rocky  moun- 
tain sides  rise  so  high,  as  to  preclude  the  possibility  of  overflow  or 
attrition. 

Keeping  these  principles  in  view,  let  us  suppose  that  the  detrital 
matter  which  blocked  up  the  lower  parts  of  Glen  Roy  extended  a 
very  little  to  the  east  of  the  mouth  of  Glen  Glaster.  How  easy  it 
is  to  suppose  that  this  detritus  was  scooped  away,  so  as  to  allow  of 
the  recession  of  the  waters  westward,  and  of  their  flowing  round  the 
east  jaw  of  Glen  Glaster,  and  on  towards  the  head  of  that  glen,  from 
which  they  would  descend  to  Glen  Spean  ?  For  this  purpose,  it  is 
not  necessary  to  suppose  that  there  was  any  lowering  of  the  sup- 
posed barrier  in  level,  even  by  a  single  foot.  All  that  is  required  is 
the  scooping  or  wearing  away  of  the  detritus,  so  as  to  allow  of  the 
extension  of  the  lake  a  little  to  the  westward ; — a  few  yards  would 
be  suflScient.  As  the  discharge  at  this  first  sinking,  must  have  been 
at  the  west  end,  it  is  fair  to  infer  that  the  wearing  away  of  detritus 
took  place  there ;  and  when  once  a  flow  of  water  was  established 
through  detrital  matter,  the  process  of  removal  would  go  on  rapidly, 
so  as  to  allow  of  repeated  sinkings  of  the  lake,  till  it  reached  the 
water-shed  at  the  head  of  Glen  Glaster,  the  rocky  nature  of  which 
would  for  a  time  stop  any  farther  sinking,  and  thus  allow  of  the  for- 
mation of  shelf  3. 

According  to  the  foregoing  views,  we  see  how  the  waters  would,  by 
successive  steps,  sink  from  shelf  2  to  shelf  3,  and,  after  entering 
Glen  Glaster,  form  a  marking  on  both  of  its  sides.  We  see,  also, 
that  the  same  removal  of  detritus  which  allowed  the  formation  of 
shelf  3  in  that  glen,  would  allow  also  the  extension  of  it  on  Bohun- 
tine  Hill,  beyond  the  point  where  shelf  2  terminates. 

Whilst  this  process  of  attrition  was  going  on  in  Glen  Roy,  there 
need  have  been  no  contemporaneous  change  in  the  blockage  of  Glen 
CoUarig.  But  there  also,  at  some  time  or  other,  a  similar  scooping 
out  of  detritus  must  have  taken  place,  to  allow  of  the  extension  of 
shelf  3  beyond  the  point  where  shelf  2  terminates. 

Nor  is  it  difficult  to  conceive  how  this  removal  of  detritus  was 
effected.  Thus,  in  Glen  Collarig,  there  are,  on  both  sides  of  the 
glen,  burns  of  considerable  size  and  power  (from  the  steepness  of 
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their  channels)  which  flowed  into  the  lake.  There  are  three  of  them 
which  now  descend  in  that  part  of  the  glen  marked  by  shelves  2  and 
3.  If  the  detritus  which  formed  the  blockage  in  the  lower  part  of 
the  valley  consisted  of  the  same  loose  sand  and  gravel  which  now 
abounds  there,  forming  cliffs  from  70  to  80  feet  high,  nothing  is 
more  easy  or  natural  than  the  scooping  of  it  out  by  such  means. 

The  same  observations  apply  to  the  blockage  in  Glen  Roy,  which, 
to  prevent  the  waters  when  at  shelf  2  flowing  into  Glen  Glaster, 
must  have  been  near  the  mouth  of  Glen  Collarig,  called  Gap  in  the 
maps,  out  of  which,  from  the  number  of  streams  in  it,  a  considerable 
current  had  flowed. 

So  far  with  regard  to  the  first  depression  to  shelf  3,  at  which 
period  I  suppose  the  Collarig  blockage  to  be  still  existing  (scooped 
out  a  little  towards  the  west),  and  the  blockage  in  Glen  Roy  to  have 
been,  by  a  similar  process,  removed  below  the  mouth  of  Glen  Glaster. 
The  next  well  marked  shelf  is  No.  4,  which  is  seen  on  Craig  Dhu 
and  Bohuntine,  and  on  both  sides  of  Glen  Collarig,  and  which  infers 
the  necessity  of  removing  the  blockage  entirely  from  both  Glen  Roy 
and  Collarig. 

o 

This  may  have  been,  as  in  the  case  of  the  previous  depression,  a 
gradual  operation.  There  is  no  improbability  whatever  in  the  ulti- 
mate removal  by  rivers  and  burns,  of  a  blockage  of  the  nature  sup- 
posed. There  flows  into  Glen  Roy,  from  Bohuntine  Hill,  and  at  or 
near  the  very  place  where  the  blockage  must  have  existed,  the  Tun- 
drun  Burn,  the  sides  of  which  shew  mica-slate  rocks  cut  through  by 
it  to  the  depth  of  about  70  feet,  and  detrital  matter  above  these  rocks 
cut  through  to  the  depth  of  130  feet.  If,  since  the  drainage  of  the 
lake,  it  has  thus  cut  through  and  removed  blockage  to  the  depth  of 
200  feet,  of  which  one-third  is  solid  rock,  this  rivulet  must  have  had 
nearly  equal  power  to  wash  away  the  more  superficial  blockage  which 
existed  at  this  place  previously  to  that  event. 

The  same  observations  apply  to  the  detrital  matter  in  Glen  Col- 
larig, which  could  easily  be  carried  away  by  the  numerous  mountain 
torrents  flowing  into  that  glen. 

The  following  is  the  manner  in  which  Mr  Darwin  alleges  that 
the  two  depressions  must  have  taken  place,  according  to  the  lake 
theory.  He  says,  that  there  are  two  barriers,  one  in  Glen  Collarig, 
and  the  other  in  Glen  Roy  :  **  Let  one  of  the  two  barriers,  we  will 
say  the  smaller  one  in  Glen  Collarig,  give  way  from  the  effects  of  an 
earthquake,  or  other  cause,  the  lake  will  now  stand  at  the  level  of 
the  middle  shelf,  the  barriers  having  given  way  82  feet  vertically. 
Again  let  it  burst,  and  this  time  rather  more  than  212  feet  vertical 
must  be  swept  away.  Let  all  this  have  taken  place,  but  still  a 
barrier  nearly  a  mile  long  and  800  feet  in  height  is  left  standing 
across  the  mouth  of  the  Roy.  Must  we  suppose  that  each  time  the 
barrier  in  Glen  Collamg  failed,  the  one  in  Glen  Boy  gave  way  the 
-same  number  of  feety  through  some  strange  coincid()nce  ?'*     It  is 
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plain,  from  this  representation,  that  Mr  Darwin  had  not  in  his  view 
the  more  simple  and  gradual  process  of  removal  which  I  have  ven- 
tured to  suggest.  It  is  not  in  the  least  necessary  to  imagine,  that 
there  was  any  sudden  sweeping  away  of  barriers  of  the  magnitude 
supposed ;  and  which  would  certainly  imply  the  existence  and  opera- 
tion of  some  stupendous  agent ;  hut  the  effect  of  which  would,  as  Mr 
Darwin  truly  says,  have  also  probably  obliterated  the  shelves.  The 
process  which  I  have  suggested,  implies  the  continuous  working  of 
ordinary  and  natural  agents, — agents  which  are  now  seen  at  this 
very  place,  producing  results  similar  to  those  required. 

Mr  Darwin  says,  that  the  barrier  across  the  Hoy  must  have  been 
800  feet  high.  This  is  on  the  assumption,  that  the  valley  of  the 
Roy  was  then  of  its  present  depth  and  form.  But  is  there  to  be  no 
allowance  made  for  the  removal  by  the  river  Roy  of  detritus  from 
the  valley  \  It  is  manifest,  from  many  appearances  along  its  sides, 
that  the  river  Roy  has  cut  down  at  least  200  feet  below  what  was 
the  original  bottom  (whether  of  lake  or  estuary,)  formed  wdien  the 
waters  stood  at  shelf  4  ;  so  that  the  height  of  the  supposed  barrier 
to  retain  the  waters  at  shelf  2  would  not  exceed  600  feet  above  the 
bottom  of  the  valley,  and  might  be  much  less,  if  the  valley  were 
more  filled  up.  Mr  Darwin  considers  it  probable  (p.  53,)  that  the 
buttresses  existing  on  the  sides  of  Glen  Roy  indicate,  that  the  valley, 
upwards  from  Bridge  of  Roy,  had  been  filled  w^ith  detrital  matter  to 
the  very  level  of  shelf  4  ;  in  which  case  the  blockage  or  barrier  re- 
quisite to  form  a  lake  at  the  level  of  shelf  2,  would  have  been  only 
about  300  feet  above  the  bottom  of  the  valley.  My  belief,  however, 
is,  that  the  whole  not  only  of  the  lower  part  of  Glen  Roy,  but  also 
of  the  district  about  Unachan,  High  Bridge,  and  Fort-William,  was 
blocked  up  with  detrital  matter,  which,  in  the  course  of  time  was 
washed  away  by  rivers ;  and  that,  when  the  blockage  of  Glen  Roy 
was  removed,  the  depressed  waters  standing  at  shelf  4  were  dam- 
med back  by  detrital  accumulations  near  Unachan,  so  as  to  force  a 
a  discharge  by  the  Pass  of  Makkul.  This  4th,  or  lowest  shelf, 
seems  to  me  to  stretch  much  farther  to  the  north,  on  both  sides  of 
the  Spean,  than  former  observers  have  noticed.  On  the  hills  flank- 
ing the  east  side,  this  shelf  can  be  traced  to  within  nearly  a  mile  of 
Spean  Bridge.  On  the  opposite  side  of  the  valley,  it  can  be  traced 
to  within  6  or  7  miles  of  Fort- William.  The  width  of  the  valley 
where  this  shelf  on  both  sides  ceases  to  be  visible  is  about  4  miles. 
Across  the  mouth  of  this  valley,  a  little  beyond  a  line  joining  the 
extreme  visible  points  of  shelf  4,  lies  the  high  and  elongated  hill  of 
Tomnempearaichin,  the  top  of  which  I  found,  by  the  level,  to  bo 
only  50  or  60  feet  below  shelf  4 ;  and  there  is  no  great  difficulty 
in  imagining  that  the  whole  of  this  district,  as  far  as  Fort- William, 
where  the  enclosing  hills  are  greatly  higher,  was  filled  by  detritus. 
There  are,  even  now,  detrital  remnants  of  enormous  size,  of  which 
the  well-known  Hill  of  Tomnahurich  at  Inverness  (about  180  feet 
high  ^nd  half  a  mile  long),  and  a  hill  to  the  west  of  it  (240  feet 
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high),  are  specimens  indicating  the  prodigious  accumulations  once 
existing  in  the  great  glen. 

To  this  point  I  shall  revert.  But,  in  the  mean  time,  taking  for 
granted  that  such  detritus  did  fill  the  lower  parts  of  the  valleys,  it 
is  easy  to  understand  how  it  should  have  dammed  up  the  waters 
into  lakes,  and  how,  by  a  gradual  and  long-continued  process  of 
wearing  down,  this  detrital  blockage  should  have  been  lowered  to 
the  requisite  extent. 

I  have  endeavoured  to  explain  the  damming  back  and  the  de- 
pressing of  the  lakes  to  their  successive  levels,  without  imagining 
that  the  level  of  the  sea  was  then  different  from  what  it  is  at  pre- 
sent. If  the  sea  stood  at  a  higher  level,  then  the  difficulties  of  the 
explanation  become  less ;  because  the  valleys  must  then  have  been 
previously  less  excavated  than  they  now  are,  by  the  operation  of 
rivers.  There  are  good  reasons  for  believing,  that  since  the  period 
of  the  deposit  of  the  boulder- clay  in  Scotland,  the  sea  has  stood  at 
least  1000  feet  higher  on  the  land  than  at  present.  Of  course,  it 
must  have  been  after  the  land  rose  out  of  the  sea  to  some  extent, 
that  the  Lochaber  shelves  could  have  been  formed  by  lakes ;  but  the 
lowest  of  these  might  have  existed  when  the  sea  stood  900  feet 
above  its  present  level,  in  which  case  the  depth  of  detrital  matter 
required  to  dam  up  the  valleys  would  be  comparatively  small. 

I  have  attempted  to  explain  how  the  valleys  of  Glen  Roy,  Glen 
Collarig,  and  Glen  Spean  were  blocked  up.  There  still  remains 
Glen  Gluoy,  which,  as  before  mentioned,  contains  two  shelves,  one 
of  which  is  about  29  feet  above  the  highest  of  Glen  Roy.  Glen 
Gluoy  being  unconnected  with  the  other  valleys,  requires  a  separate 
blockage.  There  would  be  no  great  difficulty  in  imagining  the  ex- 
istence of  detrital  blockage  in  this  glen,  at  the  place  where  its 
shelves  terminate  towards  the  west,  as  it  is  generally,  throughout 
its  whole  course,  exceedingly  narrow ;  and  being  unconnected  with 
Glen  Roy  (though  MacCulloch  states  the  reverse),  its  blockage  may 
have  been  worn  down  at  periods,  and  in  a  way  independently  of 
Glen  Roy  and  Glen  Collarig. 

Before,  however,  forming  a  very  decided  opinion  as  to  the  posi- 
tion of  the  blockage  applicable  to  Glen  Gluoy,  I  should  like  to  ex- 
amine more  particularly  than  I  was  able  to  do,  some  of  the  other 
Glens  which  open  into  the  Caledonian  valley  on  both  sides,  with  the 
view  of  ascertaining  whether  they  contain  traces  of  horizontal  shelves 
about  the  same  height.  Mr  Darwin  takes  notice  of  one  in  the  valley 
of  Kilfinnin,'"*  about  10  miles  to  the  eastward,  and  which  he  says 
is  (by  his  barometric  observations)  about  40  feet  above  the  highest 


*  It  is  to  be  regretted  that  Mr  Darwin,  when  he  visited  Lochaber,  was  not 
provided  with  a  spirit-level.  His  statcnicnt  as  to  the  horizontality  of  this 
shelf  at  Kilfinuin,  depends  entirely  on  ocular  inspection  and  barometric  uitu- 
sureracnts. 
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Bhelf  in  Glen  Roy;  in  which  case  it  would  be  only  10  or  11  feet 
above  that  in  Glen  Gluoy,  a  difference  quite  within  the  limits  of 
error. 

I  have  observed  several  places  along  the  Caledonian  Canal,  where 
there  are  traces  of  one  or  more  horizontal  terraces,  at  a  height  of 
from  650  to  690  feet  above  the  sea.  From  these  considerations,  I 
infer  the  possibility  of  there  having  been  a  blockage  which  applied 
not  merely  to  Glen  Gluoy,  but  to  other  glens  opening  into  the  great 
Caledonian  valley ;  and  it  would,  therefore,  be  most  important,  that 
future  observers  should  turn  their  attention  to  the  adjoining  dis- 
tricts. 

My  explanation  of  the  Lochaber  shelves  depends  entirely  on  the 
accuracy  of  the  supposition  that  the  valleys  were,  in  the  lower  parts 
of  them,  filled  up  with  detrital  matter,  capable  of  being  gradually 
worn  down  and  washed  away.  This  supposition  is  not  only  not 
improbable  on  general  principles,  but  is  verified  to  a  great  extent 
by  the  remains  of  such  detrital  matter  at  and  above  the  heights  re- 
quired for  it.  Thus,  in  Glen  Collarig,  there  are  to  be  seen,  near 
the  east  end,  and  within  about  half  a  mile  of  the  place  where  the 
blockage  must  have  existed,  enormous  heaps  of  boulder-clay,  gravel, 
and  sand.  These  detrital  deposits  must  have  existed  in  Glen  Col- 
larig before  the  shelves  were  formed,  because  shelves  2  and  3  are 
seen  distinctly  indented  upon  these  deposits ;  and  I  was  particularly 
struck  with  the  fact,  that  these  deposits  reach  to  a  height  of  more 
than  100  feet  above  shelf  2.  Here  is  proof,  that  in  Glen  Collarig, 
before  the  formation  of  the  lake  which  filled  it,  there  was  detrital 
matter  of  sufiicient  depth  and  consistency  to  have  retained  water  at 
the  required  height.  At  the  place  where  shelf  2  terminates  in  this 
glen,  the  valley,  even  at  present,  is  only  about  236  feet  deep,  and 
300  yards  wide,  so  that  the  depth  of  detrital  matter  does  not  ex- 
ceed the  limits  of  probability — nay,  is  exemplified  by  the  occur- 
rence of  much  larger  accumulations  of  detritus  in  all  parts  of  the 
Highlands. 

It  is  here  proper  to  explain,  that  there  are  in  these  valleys,  as 
elsewhere  in  Scotland,  two  distinct  sorts  of  superficial  deposits, — 
the  one  consisting  of  the  well-known  boulder-clay,  and  the  other  of 
ordinary  gravel  and  sand.  This  bloulder-clay  exhibits  the  same 
general  characters,  which  it  commonly  possesses  elsewhere ;  it  is  un- 
stratified,  exceedingly  obdurate,  of  a  dark-bluish  colour,  and  filled 
with  water-worn  boulders.  This  boulder-clay  I  found  at  the  fol- 
lowing places ; — Spean  Bridge,  where  it  is  covered  by  sand ;  Bo- 
huntine  Hill,  where  it  is  covered  with  laminated  clay,  sloping  to  the 
centre  of  the  valley,  and  about  250  feet  below  shelf  4;  Bohina,  on 
the  south  side  of  Glen  Boy;  Inverlair  Bridge,  near  Loch  Laggan ; 
Glen  Glaster  (on  the  west  side  of  the  valley),  from  50  to  80  feet 
above  shelf  3  ;  Glen  Collarig  (near  the  Gap),  where  it  rises  above 
shelf  2 ;  Glen  Gluoy,  as  seen  at  the  water-shed  between  it  and 
Glen  Roy,  and  on  a  level  with  shelf  1 .     The  deposit  occurs  also  at 
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Olonichan,  at  the  river  Roy,  where  the  mica-slate  rocks,  through 
which  the  river  now  runs,  are  covered  immediately  by  boulder-clay, 
— the  boulder-clay  being  here  covered  by  deposits  of  irregularly 
stratified  beds  of  gravel  and  sand,  from  150  to  200  feet  thick.  At 
this  place,  I  observed  among  the  boulders  in  the  hill,  granites  (with 
red  and  grey  varieties),  old  conglomerate,  and  red  porphyry, — 
rocks,  all  of  which  must  have  come  from  a  distance. 

From  the  fact  that  this  boulder-clay  occupies  alike  the  highest 
and  lowest  parts  of  the  glens  ;  and,  more  especially,  that  in  several 
places  it  is  seen  distinctly  covered  over  by  laminated  clay  as  well  as 
by  stratified  gravel  and  sand,  it  may  be  inferred  that  the  boulder- 
clay,  with  its  imbedded  blocks,  was  deposited,  certainly  not  after  the 
drainage  of  the  lakes,  but  either  before  the  valleys  were  occupied 
with  water,  or  during  that  period. 

In  regard  to  gravel  and  sand,  I  do  not  remember  having,  in  Glen 
Boy  or  its  contiguous  valleys,  observed  any  considerable  beds  of  it, 
so  high  up  as  the  boulder-clay.  But  at  lower  levels,  there  are 
everywhere  enormous  cliff's  of  it  to  be  seen,  several  of  which  I  mea- 
sured, and  found  to  exceed  180  feet  in  height.  These  cliffs  are 
formed  out  of  the  ancient  bottom  of  the  lake  or  estuary  which  filled 
the  valleys,  and  are  composed  of  materials  washed  down  from  higher 
levels.  The  adjoining  mountains  of  the  district  afford  ample  evi- 
dence, that  gravel  as  well  as  boulder-clay  had  been,  by  some  cause 
or  other,  brought  and  deposited  over  all  this  country,  filling  the 
valleys  to  heights  exceeding  the  highest  of  the  Glen  Roy  shelves. 
Thus,  on  the  turnpike  road  between  Tyndrum  and  Inverournan, 
near  the  summit  level  between  the  two  valleys,  which  I  estimated 
to  be  about  1030  feet  above  the  sea,  there  is  great  abundance  of 
sand  and  gravel.  On  the  Black  Mount,  about  4  miles  north  of  In- 
verournan, and  at  a  height  of  1300  feet  above  the  sea,  there  is  an 
immense  accumulation  of  gravel  and  boulders,  particularly  on  the 
south  side  of  the  summit.  In  the  high  ground  north  of  Dalwhinnie, 
which  I  estimated  at  1200  feet  above  the  sea,  there  are  great  heaps 
of  gravel,  forming  mounds  and  ridges.  These  facts,  taken  into  con- 
nection with  the  undoubted  fact,  that  detrital  matter  has  been  spread 
over  the  greater  part  of  Scotland,  to  a  height  of  at  least  1500  feet 
above  the  sea,  pretty  clearly  indicate,  that  detrital  matter  not  only 
may  l»ave  been,  but  actually  was  spread  over  the  Lochaber  district, 
and  filled  its  several  valleys,  to  the  height  of  at  least  the  highest  of 
the  Glen  Roy  shelves,  thus  affording  ample  blockage  for  its  lakes. 

I  may  mention  that  there  are,  in  this  part  of  the  Highlands, 
several  lakes  of  small  size,  at  very  high  levels,  the  existence  of 
which  renders  the  lake  theory  of  the  Glen  Roy  shelves  less  impro- 
bable than  to  some  it  may  appear.  Thus,  at  the  well-known  pass 
of  Rest-and-be-Thankful,  there  is  a  small  lake,  which  is  about  800 
feet  above  the  sea,  and  there  are  traces  of  its  having  stood  formerly 
from  40  to  50  feet  higher.     To  the  south  and  west  of  Loch  Treig 
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about  3  miles,  there  are  two  considerable  lakes,  one  called  the  Lalce 
of  Corry,  and  the  other  called  Benofllap,  which  appear,  from  tlio 
accounts  received  of  them,  to  be  about  1200  to  1300  feet  above  the 
sea.  There  are  several  also  on  the  Black  Mount,  at  about  the  same 
hio'h  level. 

o 

Before  concluding  what  I  have  to  say  regarding  the  parallel 
roads  of  Lochaber,  I  may  briefly  notice  the  theory,  that  the  lakes 
which  filled  them  may  have  been  confined  by  glaciers,  or  by  the  mo- 
raines of  glaciers. 

This  was  one  of  the  districts  which,  in  the  opinion  of  Agassiz 
and  Buckland,  aflPorded  undeniable  proofs  of  the  existence  of  gla- 
ciers. The  former  published  a  paper*  on  the  subject,  in  which  he 
says :  "  When  I  visited  the  parallel  roads  of  Glen  Roy  with  Dr 
Buckland,  we  were  convinced  that  the  glacial  theory  alone  satisfies 
all  the  exigencies  of  the  phenomenon ;  and  as  this  locality  is  the 
best  known,  I  may  limit  myself  to  this  example  for  the  explanation 
of  all  others." 

M.  Agassiz,  in  the  paper  now  alluded  to,  explains  the  grounds  on 
which  his  theory  rests ;  and  it  is  accompanied  by  a  plan  of  the  locality. 

It  appears  to  me,  (1.)  That  the  facts  on  which  M.  Agassiz  rests 
his  theory  are  incorrect.  (2.)  That,  assuming  as  true  the  facts  stated 
by  him,  they  still  afford  no  evidence  that  glaciers  existed  in  the 
Lochaber  valleys. 

(1.)  There  are  three  main  fjicts  relied  on  by  M.  Agassiz.  He 
states.  First,  That  in  Glen  Roy,  and  in  that  part  of  Glen  Spean  be- 
tween Bridge  of  Roy  and  Loch  Treig,  there  are  3  shelves  visible  ;  Se- 
condly, That  these  shelves  all  terminate  on  both  sides  of  the  valley 
at  or  near  the  Bridge  of  Roy  ;  Third,  That  the  bottom  of  Glen  Spean, 
in  front  of  Loch  Treig,  is  not  only  polished  with  that  polish  charac- 
teristic of  glaciers,  but  is,  moreover,  scratched  transversely, — that  is 
to  say,  at  right  angles  to  the  direction  of  the  valley,  by  a  cause  which 
evidently  proceeded  from  Loch  Treig. 

To  explain  these  appearances,  it  is  suggested,  that  "the  supposi- 
tion of  a  great  glacier  descending  from  Ben  Nevis,  and  shutting  up  the 
valley  of  the  Spean,  hy  resting  on  Moeldhu,  which  is  opposite,  com- 
bined with  the  influence  of  a  placier  from  Loch  Trei<r,  and  which 
would  bar  the  valley  a  second  time  at  that  height,  would  explain  all 
the  facts.'' ^  4f 

These  facts,  for  an  explanation  of  which  this  theory  was  invented, 
appear  to  me  not  to  have  been  accurately  observed.  In  the  first  place, 
the  three  shelves  do  not  occupy,  as  M.  Agassiz  asserts,  *'  all  the  si- 
nuosities of  the  lower  part  of  Glen  Spean,  and  of  the  whole  of  Glen 
Roy."  It  is  only  the  lowest  of  the  three  shelves  which  occurs  in 
Glen  Spean,  and  in  the  lower  part  of  Glen  Roy.  The  two  upper- 
most shelves  stop  short  of  the  mouth  of  Glen  Roy  by  about  2  miles, 

^'  Jameson's  Edinburgh  New  Phil.  Journal,  vol.  xxxiii.  p.  236. 
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so  that,  if  the  Lake  in  Glen  Roy  was  dammed  hack  by  a  terminal 

moraine,  that  moraine  could  not  have  rested  on  Moeldhu,  at  the 
foot  of  Glen  Roy,  but  must  have  been  pushed  up  that  valley,  before 
the  Ben  Nevis  glacier,  2  miles  farther, — ^an  operation  which  the 
levels,  distance,  and  direction  of  that  valley  would  have  rendered 
impossible. 

In  the  second  place,  the  shelves  do  not,  as  M.  Agassiz  says,  *'  ter- 
minate at  the  same  point," — viz.,  at  Moeldhu,  where  he  supposes  the 
terminal  moraine  of  the  Nevis  glacier  to  have  been.  The  t^wo  upper- 
most shelves  (as  just  stated)  do  not  come  within  two  miles  of  this 
point ;  and  the  lowermost  shelf,  instead  of  terminating  there,  runs, 
as  formerly  explained,  several  miles  northwards,  on  both  sides  of  the 
valley  towards  Unachan,  where  they  are  4  miles  apart.  It  is  scarcely 
necessary  to  say,  that  a  moraine  in  this  low  district,  which  is  not  con- 
nected with  any  Ben  Nevis  valley,  and  considering  its  required  height 
and  length,  is  inconceivable. 

In  the  third  place,  as  to  the  existence  of  transverse  scratches  on 
the  rocks  in  Glen  Spean,  which  are  said  to  indicate  the  movement  of 
some  body  from  Lo:;h  Treig,  I  could  see  no  such  scratches,  though  I 
twice  surveyed  the  ground,  and  narrowly  inspected  the  rocks,  espe- 
cially at  the  outlet  from  Loch  Treig.  Indeed,  the  supposition  that 
any  glacier  flowed  out  of  Loch  Treig,  seems  to  be  almost  excluded 
by  the  fact,  that  a  shelf,  perfectly  horizontal,  exists  on  both  sides  of 
the  narrow  outlet  from  Loch  Treig,  and  continuously  into  Glen  Spean 
Such  a  shelf  could  not  have  been  formed,  and  would  have  been  obli- 
terated by  any  glacier  moving  out  of  Loch  Treig. 

(2.)  But  assuming  all  these  facts  to  be  as  M.  Agassiz  states  them, 
do  they  present  unequivocal  proofs  of  the  movement  of  glaciers,  and 
the  formation  of  moraines  \  Scratches  on  polished  rocks  may  be  made 
by  various  causes  ;  and  if  a  moraine  existed  on  Moeldhu,  surely  some 
trace  of  it,  or  of  the  great  blocks  which  generally  accompany  moraines, 
would  have  been  particularly  observable  there ; — whereas  there  is 
scarcely  a  block  or  a  patch  of  gravel  to  be  seen  in  that  part  of  the  valley. 

Farther,  I  would  observe,  that  the  valley  supposed  to  have  been 
the  birth-place  of  the  glacier  which  produced  this  Moeldhu  moraine, 
is  about  two  miles  distant  from  Moeldhu,  with  an  undulating  country 
between  them,  which  is  most  unlikely  to  have  formed  the  channel  or 
bed  of  9,  glacier,  Dr  Buckland  and  M,  Agassiz  speak  of  this  glen  as 
connected  with  Ben  Nevis.  But  here,  again,  there  is  apparently 
some  mistake.  The  valley  in  question  is  Larich  Leachich,  and  runs 
up,  not  in  a  NW.  direction  towards  Ben  Nevis,  but  in  a  S\V^.  direc- 
tion towards  the  head  of  Loch  Treig.  It  is  an  extremely  short  glen, 
and  rises  to  no  great  height. 

Finally,  supposing  that  if,  in  spite  of  all  these  objections,  it  were 
allowed  that  a  glacier  had  moved  down  this  little  valley,  and  across 
the  very  uneven  country  to  Moeldhu,  so  as  to  block  up  Glen  Roy  and 
Glen  Spean,  it  would  still  remain  to  explain  the  blockage  of  Glen 
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Gluoy,  which,  by  no  possibility,  could  bo  accounted  for  by  a  moraine 
at  or  near  Moeldhu. 

That  there  are  certain  appearances  in  the  valleys  of  Lochaber, 
which  must  have  been  produced  by  attrition  of  some  kind,  I  am  free 
to  admit.  Water,  accompanied  by  gravel  and  other  detritus,  appears, 
however,  to  have  been  the  agent,  and  not  ice.  At  the  Monessie  Falls, 
the  valley  is  compressed  to  a  narrow  gorge,  and  the  rocks  forming  the 
east  side,  present  evident  marks  of  attrition  on  a  large  scale,  the  rough 
faces  of  the  rock  being  all  down  the  valley.  The  rocks  are  hero 
covered  by  sand  and  gravel,  which  indicate  the  flowing  of  water  and 
of  drift  at  that  height,  when  these  rocks  were  worn  down.  In  like 
manner,  at  the  outlet  of  Loch  Treig  there  are  immense  expanses  of 
rock,  all  smoothed  and  rounded  on  the  sides  facinor  the  SW.  or  WSW. 
by  compass,*  These  smoothed  rock-faces  prevail  to  a  height  of  about 
786  feet  above  the  lake,  and  1680  feet  above  the  sea,  above  which 
level  they  are  no  longer  visible.  There  are  many  boulders  lying  on 
these  smoothed  surfaces,  all  of  rounded  forms.  That  these  boulders 
have  come  from  the  west,  is  evident  from  the  nature  of  them  ;  several 
of  a  pink  coloured  felspar,  having  been  traced  by  me  to  a  dyke  of 
the  same  peculiar  rock  a  few  hundred  yards  to  the  west,  from  which 
they  had  evidently  been  derived.  Another  circumstance  proved  this 
still  more  strikingly.  In  one  place,  a  few  hundred  feet  above  Loch 
Treig,  I  observed  a  series  of  rocky  knolls,  in  an  east  and  west  line. 
The  parts  of  these  knolls  which  were  smoothed  and  worn  down  were 
uniformly  to  the  west,  whilst  their  rough  facts  were  all  to  the  east.  It 
was  clear,  on  an  inspection  of  these  knolls,  that  they  had  been  worn 
down  on  their  west  sides  ;  and  the  smoothed  sides  were  so  close  to  the 
knolls  respectively  to  the  west  of  them,  that  nothing  except  some  fluid, 
charged,  it  may  have  been,  with  drift,  could  have  possibly  reached 
and  acted  on  them. 

This  last  point  was  still  more  palpable  in  several  places  where  there 
were  narrow  smooth-sided  troughs,  more  or  less  steep,  on  the  sides  of 
hills.  These  troughs  had  apparently  been  natural  fissures  in  the 
rocks,  which  had  been  smoothed  by  the  long-continued  action  of  water, 
for  the  notion  that  ice  could  have  entered  and  rubbed  them,  was  en- 
tirely precluded  by  their  narrowness,  situation,  direction,  and  other 
circumstances. 

M.  Agassiz,  in  the  paper  before  alluded  to,  says  that  he  will  never 
forget  the  impression  he  experienced  "  at  the  sight  of  the  terraced 


*  The  general  line  or  axis  of  the  lake  is  north  and  south  by  compass,  the  upper 
part  being  towards  the  south,  so  that  the  motion  of  a  glacier  down  this  valley 
would  have  smoothed  all  the  south  faces  of  the  rocks.  It  is  also  important  to 
remark,  that,  on  the  west  side  of  the  lake,  the  rocks  facing  the  lake  are,  as  com- 
pared with  those  on  the  other  side,  exceedingly  rough,  shewing  still  more 
clearly  that  the  smothing  agent  had  crossed  the  valley  of  Loch  Treig,  in  a  di- 
rection not  parallel  with  its  longer  axis,  but  obliquely  to  it. 
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mounds  of  blocks  which  occur  at  the  mouth  of  the  valley  of  Loch 
Treig,  where  it  joins  Glen  Spean.  It  seemed  to  me  (he  adds)  as  if 
I  wore  looking  at  the  numerous  moraines  of  the  neighbourhood  of 
Tines,  in  the  valley  of  Chamounix."  These  terraces  of  blocks,  thus 
likened  to  moraines,  are,  I  presume,  the  accumulations  of  blocks  on 
the  lowermost  horizontal  shelf,  which  is  very  conspicuous  at  the  en- 
trance to  Loch  Treig  on  both  sides  of  the  valley.  On  this  shelf  there 
are  multitudes  of  blocks,  just  as  in  many  other  parts  of  the  valleys, 
where  this  shelf  and  the  others  occur.  But  this  fact  is  perfectly  con- 
sistent with  the  theory  that  these  shelves  were  formed  by  water,  and, 
indeed,  can  be  explained  on  no  other,  when  it  is  considered  that  they 
form  at  Loch  Treig,  as  at  every  other  place,  a  line  absolutely  hori- 
zontal,— a  quality  which,  I  presume,  no  moraine  ever  possesses. 

The  only  place  where  I  observed  an  accumulation  of  blocks,  at  all 
resembling  a  moraine,  is  on  the  east  side  of  Glen  Spean,  near  a  place 
called  the  Rough  Burn,  about  three  or  four  miles  to  the  north  of 
Loch  Laggan.  The  accumulation  is  enormous.  Blocks  are  piled 
over  each  other  to  such  a  height  as  to  render  the  general  surface  of 
the  moor,  over  a  wide  extent,  quite  undistinguishable.  This  accu- 
mulation occurs  not  at  the  mouth  of  any  valley.  On  the  contrary, 
tho  hills  near  these  blocks  on  the  east  side,  are  not  much  furrowed 
oven  by  mountain  torrents,  and  present  a  somewhat  steep  and  high 
wall  face  to  the  west.  On  looking  round  for  any  possible  explana- 
tion of  tho  occurrence  in  this  spot  of  so  unusual  a  quantity  of  boul- 
ders, consisting  almost  entirely  of  gray  granites,  whilst  the  rocks  on 
which  they  lie  are  different.  I  could  not  help  noticing  that  the  valley 
on  the  opposite  or  west  side  presented  an  opening  or  depression, 
though  at  the  distance  of  2  miles.  This  opening  is  the  outlet  of  Loch 
Treig,  and  bearing  about  WSW.  by  compass.  The  appearance  of 
the  locality  at  once  suggested  the  probability  that  the  blocks  had  in 
some  way  issued  through  this  opening,  and  had  been  transported 
across  the  valley  to  their  present  situation,  where  their  farther  pro- 
gress was  arrested  by  the  lofty  hills  forming  here  the  east  side  of 
Glen  Spean. 

I  have  already  stated  reasons  for  thinking  that  no  glacier  issued 
from  Loch  Treig.  Tho  only  alternative  seems  to  be  the  agency  of 
water. 

I  proceed  now  to  show  that  the  lake  theory  of  the  Lochaber 
shelves,  and  tho  principles  on  which  I  have  endeavoured  to  account 
for  the  formation  of  lakes,  and  the  eventual  depression  and  drainage 
of  them,  are  not  inconsistent  with  any  established  geological  truths, 
— but,  on  the  contrary,  receive  support  from  collateral  consider- 
ations. 

1 .  The  first  circumstance  which  I  shall  notice,  is  the  occurrence 
of  Parallel  Roads  in  other  valleys  similar  to  those  of  Lochaher,  the 
formation  of  which  can  be  attributed  to  no  other  cause  than  lakes. 

I  have  the  less  hesitation  in  availing  myself  of  this  argument, 
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when  I  find  Mr  Darwin  adverting  to  traces  of  shelves  at  Kilfinnin, 
and  in  the  valley  of  the  Spey,  in  support  of  his  theory. 

But  if  Mr  Darwin^'s  views  are  sound,  traces  of  shelves  should  not 
be  confined  to  the  two  localities  just  mentioned  ;  they  should  be 
visible  in  other  parts  of  the  country  of  equal  height  as  the  Lochaber 
mountains. 

On  the  other  hand,  if  it  should  appear  that  there  are  in  many 
valleys,  distinct  beach  lines,  all  horizontal,  and  presenting  no  uni- 
formity of  height  above  the  sea,  the  argument  against  a  sea  theory 
will  be  strengthened,  whilst  a  strong  analogy  will  arise  to  favour  the 
lake  theory, — if  these  beach  lines,  precisely  similar  in  all  essential 
features  to  those  of  l^ochaber,  can,  from  their  inland  situation,  and 
other  circumstances,  be  clearly  shewn  to  have  been  produced  by  the 
waters  of  lakes. 

I  proceed  therefore  to  mention  a  few  localities  out  of  many,  where 
phenomena  similar  to  those  of  Glen  R,oy  are  observable. 

(1.)  At  Inverournan  (about  40  miles  SW.  of  Lochaber)  there  is 
a  lake  called  Loch  Tulla,  about  3  miles  in  length,  and  1  in  breadth. 
A  stream  enters  from  its  east  and  west  ends.  Its  surplus  waters  are 
discharged  from  its  south  side,  by  the  river  Urchay. 

Two  years  ago,  I  discovered  all  round  this  lake  indications  of  three 
levels  at  which  its  waters  had  stood,  the  lowest  being  about  183^ 
feet,  the  second  277  feet,  and  the  highest  474  feet,  above  their  pre- 
sent level.*  Loch  Tulla  I  roughly  estimated  at  540  feet  above  the 
sea.  This  lake,  therefore,  extending  originally  to  about  6  miles  in 
length  and  half  a  mile  in  breadth,  had  sunk  197  feet, — at  which 
level  it  had  stood  long  enough  to  form  the  second  shelf;  it  next  sunk 
93^-  feet, — when  the  third  shelf  was  formed ;  after  which  it  sunk 
183^-  feet — viz.,  to  the  present  level  of  the  lake. 

It  is  unnecessary  for  me  to  enter  into  the  proofs,  that  what  I  am 
now  describing  are  really  beach  lines.  Their  perfect  horizontality, 
which  I  ascertained  by  a  spirit-level,  looking  at  them  from  12  or  15 
different  places  along  the  banks  of  the  lake, — their  general  confor- 
mity in  sweeping  round  headlands,  and  retiring  into  valleys  or  burn- 
courses, — and  the  extent  of  flat  surface  at  the  levels  of  the  different 
shelves,  afford  convincing  and  irrefragable  proofs. 

The  difficulty  here,  as  in  other  similar  cases,  is  to  discover,  what 
could  have  dammed  up  the  lake  so  much  above  its  present  level. 
The  blockage,  whatever  it  was,  must  have  existed  somewhere  in  the 
valley  through  which  the  river  Urchay  flows.  The  country,  on  all 
other  sides  of  Loch  Tulla,  rises  much  higher  than  500  feet  above  its 
present  level.  The  two  lowest  shelves  are  traceable  for  some  distance 
down  the  valley  of  the  Urchay, — the  middle  shelf  for  about  half  a 
mile,  and  the  lowest  considerably  farther.  My  notion  is,  that  this 
valley  had  been  formerly  filled  with  a  great  accumulation  of  gravel 

*  These  measurements  were  made  by  a  mountain  barometer,  checked  by  the 
sympiesometer. 
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and  diluvial  debris,  which  was  gradually  cat  away  and  lowered  by 
the  stream  which  issued  from  the  loch.  Accordingly,  there  exist 
still,  at  and  near  Urchay  Bridge,  great  heaps  of  unstratified  gravel, 
which  clearly  present  only  a  remnant  of  what  must  have  formerly 
existed.  The  valley  at  this  place,  is  a  quarter  of  a  mile  wide  ;  and 
its  sides  rise  far  al)ove  the  required  level. 

(2.)  In  the  valley,  at  the  head  of  which  Tyndrum  is  situated, 
there  are  very  manifest  indications  of  the  beaches  of  an  ancient  lake, 
although  the  valley  is  now  occupied  by  only  an  insignificant  stream. 
At  Sti'athfillan  church,  the  lowest  terrace  is  about  50  or  60  feet 
above  the  stream,  and  may  be  traced  continuously  for  at  least  a  mile 
down  the  valley.  The  stream  has  cut  through  this  old  lake  bottom, 
exhibiting  beds  of  gravel,  sand,  and  clay,  which  have  been  deposited 
and  arranged  by  the  water.  About  237  feet  above  this  flat,  there 
are,  on  the  sides  of  the  hills  on  both  sides  of  the  valley,  traces  of  a 
horizontal  shelf,  which  can  be  distinctly  followed  with  the  spirit- 
level  from  above  Tyndrum  village,  down  the  valley  by  Auchreach 
farm-houses,  Enich  farm-houses,  and  as  far  as  Crianlarich  toll.  At 
several  places,  boulders  appear  to  have  accumulated  on  this  higher 
shelf.     Tyndrum  is  about  740  feet  above  the  sea. 

(3.)  Along  the  margin  of  Loch  Awe,  and  particularly  near  Dal- 
mally,  there  is  a  flat  or  terrace  about  40  feet  above  the  present  level 
of  the  lake  ;  and  which  manifestly  indicates  a  subsidence  of  its  water 
to  that  depth. 

(4.)  Along  the  margin  of  Loch  Lubnaig,  in  like  manner,  there  is 
a  flat  or  terrace  about  40  feet  above  the  lake,  and  which  is  very 
visible  on  both  sides.  Here  as  well  as  in  the  former  case,  the  flat 
runs  back  from  near  the  margin  of  the  lake  to  the  mountains  forming 
one  side  of  the  valley  ;  and  the  steep  sides  of  which,  contrast  most 
significantly  with  the  almost  horizontal  flatness  of  the  ancient  and  ex- 
posed bottom. 

At  Loch  Lubnaig,  the  flat  can  be  traced  for  a  considerable  way 
on  both  sides  of  the  valley,  beyond  the  point  where  the  lake  now 
discharges  itself,  and,  indeed,  almost  as  far  as  Leny.  At  this  place 
as  well  as  at  Callendar,  there  exist  indications  of  enormous  quantities 
of  gravel,  which,  before  being  cut  down  and  carried  away  by  rivers, 
afforded  ample  means  of  blocking  up  the  waters  of  Loch  Lubnaig  to 
a  higher  level.  The  quantity  of  gravel  which  formerly  existed  here- 
abouts, may  be  inferred  from  the  existence  of  the  following  rem- 
nants. 

About  J  mile  west  of  Callendar,  tliere  is  a  ridge  of  gravel  and 
sand  about  100  yards  long,  and  from  40  to  50  feet  high.  Near  it, 
there  is  a  conical  mound  of  the  same  materials,  and  about  the  same 
height,  bearing  a  thriving  plantation.  The  ridge  of  gravel  to  the 
east  of  Callendar,  designated  in  guide-books  as  the  Roman  Camp,  is 
merely  a  remnant  of  the  ancient  gravel-bed  with  which  the  whole 
valley  was  filled  ;  and  when  it  contained  a  lake,  of  which  there  are 
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abundant  indications,  it  is  probable,  that,  when  Loch  Lubnaig  stood 
40  feet  above  its  present  level,  its  waters  were  discharged  into  a 
lower  lake,  of  which  the  eastern  margin  may  be  seen  near  the  Lodge 
of  Gart-House;  Ultimately  the  gravel  heaps  which  held  in  this  Cal- 
lendar  lake  on  the  east,  had  been  cut  through,  so  as  to  allow  of  its 
drainage ;  and,  accordingly,  there  are,  on  each  side  of  the  river  Teitli 
at  this  place,  gravel  banks  and  cliffs  from  70  to  80  feet  high. 

After  the  Callendar  lake  was  drained,  the  waters  which  flowed  out 
of  Lock  Lubnaig  would  acquire  fresh  cutting  power,  and  would  rapidly 
eat  away  the  barrier  which  dammed  back  the  lake  to  the  higher  level 
before  referred  to.     Callendar  is  about  270  feet  above  the  sea. 

(5.)  In  the  valley  in  which  the  town  of  Huntly  stands,  there  are 
two  terraces,  the  one  about  32  ffeet  above  the  other,  which  are 
very  clearly  the  beaches  of  a  lake,  which  has  sunk  from  the  oile  to 
the  other,  and  latterly  been  drained  off. 

(6.)  A  few  miles  south  of  Inverury,  there  are  distinct  traces  of  a 
lake  which  formerly  filled  the  valley.  The  burgh  of  Kintore  has 
been  built  in  the  ancient  bottom  of  the  lake.  There  are  twO  well- 
marked  beach-lines  round  the  whole  valley  ;  the  one  about  78  feet, 
and  the  other  50  feet,  above  the  channel  of  the  united  streams  of 
Don  and  Urie,  which  flow  through  the  centre  of  the  valley.  The  an- 
cient bottom  of  the  lake  has  been  cut  up  by  rivulets  at  the  sides 
of  the  valley  into  separate  fragments,  some  of  them  of  so  unusual  a 
form  as  to  have  suggested  a  notion  that  they  are  artificid,! ;  and,  ac- 
cordingly, in  the  guide-books,  and  even  in  the  recent  statistical  ac- 
counts of  the  parish,  they  are"  so  described.  Two  of  these  alleged 
remains  of  antiquity  are  known  by  the  names  of  Bass  and  Konih 
Hillock  ;  and  are  variously  conjectured  to  have  been  formed  for  sepul- 
chral or  judicial  purposes.  A  similar  mistake  has  been  made  with  the 
hills  of  Dunipace,  near  Falkirk,  which  are  represented  by  historians 
as  formed  to  celebrate  and  record  a  peace  between  the  Romans  and 
the  natives  of  Scotland.  They  are  detrital  remnants  fashioned  into 
conical  shapes  by  the  action  of  streams. 

(7.)  In  the  valley  of  the  Leader  (Berwickshire),  there  will  be 
found  traces  on  the  hill  sides,  which  cleatly  shew  the  action  of  water. 
Three  very  distinct  markings  of  this  nature  are  traceable  near 
Dodd's  Mill,  at  Ilounslow,  at  Carfrae  Mill,  and  at  Annfield  near 
Ghannelkirk.  The  terraces  at  these  different  places,  judging  by  the 
sympiesometer,  seem  to  be  all  very  nearly  on  a  level ;  and  if,  on  a 
more  minute  survey,  they  really  prove  to  be  so,  it  would  follow,  that 
ilie  whole  of  Lauderdale  had  formerly  been  one  vast  lake,  with  a 
blockage  at  or  near  Chappel.  The  height  of  these  shelves  is  about 
800  feet  above  the  sea. 

It  is  scarcely  necessary  to  advert  to  the  inland  situation,  and 
other  circumstances  characteristic  of  the  various  beach-lines  now 
mentioned,  to  shew  that  they  could  not  have  been  formed  by  the 
sea,  but  must  have  been  produced  by  lakes  which  filled  the  valleys, 
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and  which  sunk  at  different  perioids,^-^^in  most  cases,  disappearing 
altogether. 

If,  then,  the  existence  of  lake-beaches  be  so  common  in  the  val- 
leys of  Scotland,  there  will  be  the  less  hesitation  in  ascribing  the 
Lochaber  shelves  to  the  same  cause, — established  as  that  cause  has 
been  separately  by  local  evideuce. 

That  the  occurrence  of  lake-beacheS  in  the  valleys  of  Scotlahd 
should  be  frequent,  is  only  what  every  geologist  must  be  prepared 
to  expect,  who  considers  the  proofs  which  may  be  adduced  of  thd 
gradual  emergence  of  the  land  out  of  the  sea.  Some  of  these  proofs, 
in  so  far  as  afforded  by  Scotland,  I  shall  immediately  notice ;  but 
assuming  that  Scotland  was,  to  the  depth  of  1300  feet  or  more, 
submerged  beneath  the  waters  of  the  ocean, — as  it  rose  out,  there 
would  be  lakes  in  every  inland  hollow,  each,  of  course^  having  its 
river  to  carry  off  to  the  sea,  the  rain  falling  on  its  surface  and  that 
of  the  adjoining  mountains.  The  stream  thus  issuing,  would  gra- 
dually wear  down  the  detritus  which  formed  a  barrier  at  one  end  of 
the  lake ;  and  the  cutting  power  of  the  stream  would  be  gradually 
increased,  as  the  elevation  of  the  land  proceeded ;  so  that  in  most 
cases  the  blockage  of  lakes  would,  in  the  course  of  time,  be  exten- 
sively undermined  and  worn  down,  and  sudden  depressions  of  lakes 
would  take  place,  leaving  marks  of  horizontal  shelves  along  the  sides 
of  valleys. 

The  progress  of  these  important  changes  is  Indicated,  in  many 
parts  of  the  country,  by  the  existence  of  haughs  or  river-flats^  far 
above  the  present  channels  of  the  streams,  and  which  evidently  had 
been  formed  when  they  flowed  at  a  much  higher  level. 

Thus,  from  Perth  up  to  Loch  Tay,  a  number  of  isolated  flats  or 
terraces  occur,  forming  a  pretty  uniform  level,  rising  gently  inlari(!, 
and  at  a  rate  rather  faster  than  the  slope  of  the  river.  Near  Perth, 
these  old  haughs  are  from  90  to  100  feet,  and  at  Dunkeld  about 
110  feet,  above  the  river.  This  old  haugh  at  Dunkeld  may  he 
traced  on  both  sides  of  the  valley, — Dr  Fisher's  house  being  on  it 
at  the  east  side,  and  Clay  potts  farm-house  on  it  at  the  west  side. 
It  may  even  be  traced  a  donsidet-ablo  distance  up  both  sides  of  thei 
Braan,  where  it  slopes  a  little  to  the  eastward. 

There  is  a  low  haugh  at  Dunkeld^  which  is  only  about  20  feet 
above  the  present  bed  of  the  river,  and  is,  therefore^  quite  distinct 
from  the  higher  terrace  above  described.  The  ground  is  now  culti- 
vated and  enclosed ;  so  I  suppose  that  the  floods  never  rise  to  a  level 
with  it  now. 

On  the  Tweed,  in  like  maniier,  the  rfemains  of  ancient  haughs  can 
be  traced  in  many  parts  of  its  course.  About  half  a  mile  above 
Berwick  Bridge,  one  may  be  seen  on  the  south  side,  from  30  to  32 
feet  above  the  sea.  At  Gainslaw,  it  is  44  feet ;  opposite  to  Finchie, 
it  is  65  or  56  feet ;  opposite  to  Paxton,  it  is  58  feet ;  at  Norham, 
it  is  93  feet  above  the  sea. 
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At  New  Rattray  (in  the  parish  of  Blairgowrie)  I  observed  an  ex- 
tensive flat,  or  ancient  haugh,  with  its  cliff  or  bank  about  80  feet 
above  the  River  Eright. 

On  the  Isla,  above  Airley  Castle,  there  is  haugh  land  on  both 
sides,  about  30  feet  above  the  present  level  of  the  river. 

On  the  River  Garry,  about  3^  miles  north  of  Blair,  there  are  on 
the  east  side  two  terraces,  the  one  about  30  and  the  other  about  50 
feet  above  the  river;  but  whether  they  are  the  remains  of  ancient 
haughs,  or  the  beaches  of  a  lake,  it  is  difficult  to  determine. 
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Part  II. — The  Causes,  ^c.,  of  Hurricanes. 

40.  There  are,  at  present,  two  views  with  regard  to  the 
phenomena  of  hurricanes,  which  have  attracted  a  good  deal 
of  attention.  One  of  these,  advocated  by  Mr  Espy,  of  Phila- 
delphia, assumes  that  the  aqueous  vapour  in  a  given  column 
of  the  atmosphere  becomes  condensed,  and  that  the  latent 
heat  of  the  vapour,  which  is  consequently  liberated,  elevates 
the  temperature  of  the  surrounding  particles  of  air,  thereby 
rendering  the  whole  column  specifically  lighter  than  the 
neighbouring  portions  of  the  atmosphere  ;  and  these,  accord- 
ingly, in  obedience  to  the  laws  of  gravity,  flow  inwards  from 
all  points  towards  its  base,  while  it  rapidly  ascends.  On  this 
supposition,  the  winds  around  the  base  of  the  ascending 
column  should  all  flow  in  the  direction  of  the  radii  of  a  circle, 
in  the  centre  of  which  the  base  of  the  ascending  column  is 
placed.  Professor  Hare,  of  the  University  of  Pennsylvania, 
has  abopted  the  opinion  of  Epsey  as  to  the  ascending  central 
column,  and  the  centripetal  motion  of  the  surrounding  air, 
but  conceives  that  the  upward  current  may,  with  more  reason, 
be  ascribed  to  tlie  attraction  of  an  electrified  stratum  of  air. 
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operating  on  the  denser  stratum  of  the  atmosphere  in  the 
vicinity  of  the  earth,  counteracting  gravitation,  and  causing 
its  transfer  upwards.* 

41.  The  other  view  has  been  maintained  by  Professor  Dove, 
of  Berlin,  Mr  Redfield,  and  Colonel  Reid.  Accordhig  to  it, 
hurricanes  and  great  storms  are  gyratory,  the  wind  flowing 
in  a  circle  round  a  centre,  and  subsequently  pursuing  a  di- 
rection, at  every  point  of  its  course,  perpendicular  to  what  it 
would  have  followed  were  the  opinions  of  Epsey  or  Hare 
correct.  The  facts  adduced  by  Dove,  Redfield,  and  Reid,  all 
support  the  gyratory  course  of  the  wind  in  great  storms,  and 
are  quite  at  variance  with  the  views  of  Epsey  and  Hare. 

42.  Much  misconception  has  been  produced  on  this  point, 
by  supposing  that  the  causes  of  the  so-called  whirlwinds,  and 
of  the  hurricane,  are  the  same,  though  they  do  not  necessarily 
have  any  thing  in  common.  The  whirlwind  is  a  phenomenon 
of  very  limited  extent,  which  chiefly  occurs  during  warm 
weather,  when  the  air  in  contact  with  the  earth  is  still, 
while  the  hurricane  aff^ects  the  atmosphere  to  a  considerable 
extent,  and  only  arises  when  there  are  opposite  currents  which 
are,  obviously,  intimately  connected  with  its  origin  and  course. 

43.  Mr  Redfield,  so  far  as  I  am  aware,  has  not  attempted 
to  explain  the  origin  of  hurricanes.  Colonel  Reid  thinks 
that  they  may  be,  in  some  manner,  connected  with  the  mag- 
netic intensity,  as  they  are  frequent  in  the  Caribbean  and 
China  Seas,  where  the  magnetic  intensity  is  very  great, 
while  at  St  Helena,  where  it  is  remarkably  low,  they  are 
quite  unknown. t  This,  however,  is  a  mere  coincidence,  and 
does  not  seem  in  any  way  connected  with  the  immunity  of 
St  Helena  from  storms,  the  real  cause  of  which  is  its  position 
in  the  midst  of  a  large  expanse  of  ocean,  nearly  equidistant 
from  the  polar  and  equatorial  margins  of  the  SE.  trade-wind* 
and  when  the  different  superimposed  currents  in  the  atmo- 
sphere flow  quietly  onwards,  without  being  liable  to  those 
sudden  influences,  or  abrupt  alterations  of  direction,  which 
are  so  common  in  the  Caribbean  Sea,  at  least,  about  the 
inner  margin  of  the  trade-wind. 


*  London,  Edinburgh,  and  Dublin,  Philosophical  Magazine,  vol.  xix.  p.  430. 
t  Reid  on  the  Law  of  Storms,  2d  edition,  with  additions,  p.  509-10. 
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44,  Professor  Pove  has  attributed  the  gyratory  character 
of  hurricanes  in  the  West  Indies,  to  the  resistance  opposed 
by  the  NE.  trade  to  the  current  from  the  SW.  (about  the 
inner  margin  of  the  trade),  gradually  deflecting  the  latter 
from  its  south-westerly  direction  to  S.  and  SE.,*  which  change 
of  motion  being  continued,  would  ultimately  complete  the 
the  circle,  ^he  general  direction  of  the  wind  coinciding  witli 
what  is  actually  found  to  exist.  Had  Professor  Dove  been 
?iwape  of  the  occurrence  of  la  NW.  current  in  thp  atmosphere, 
>vithin  the  range  of  the  NE.  trade-wind,  and  of  the  gradual 
deflectio^  this  undergoes  at  its  inner  margin,  under  the  influ- 
ence of  the  attraction  of  the  sun  and  moon,  he  wowl.d  un- 
doubtedly have  materially  modified  his  opinion. 

45.  Dr  Young  long  ago  ascribed  the  violence  of  hurricanes 
to  portions  of  the  upper  atmospheric  currents  prematurely 
directed  downwards,  before  their  relative  velocity  had  been 
sufficiently  reduced  by  friction  on,  and  gradual  mixing  with, 
the  lower  strata,  dashing  upon  the  earth  with  that  tremend- 
pus  force  which  gives  them  their  distinctive  character.  Sir 
John  Herschel  favours  this  yiew.f  The  nearest  approach, 
however,  I  have  met  with  to  the  true  explanation  of  the 
nature  and  causes  of  hurricanes,  is  given  by  Mr  Howard : 
he  says,  "  The  present  storm  seems  to  have  consisted  chiefly 
in  a  prodigious  aggravation  (for  the  time)  of  the  velocity  and 
force  of  the  currents,  which  ordinarily  proceed  to  and  return 
from  the  great  equatorial  stream.  After  an  obstruction  for 
some  considei^able  time,  of  this  interchange  of  air,  causing  op- 
pressive heat  at  the  Bahamas,  rarefaction  suddenly  ensues  to 
the  SW.  of  these  islands;  a  portion  of  the  tropical  air  is  rapidly 
elevated,  and  the  air  which  supplies  its  place  from  the  NE., 
from  some  cause  not  as  yet  apparent,  flows  in  a  confined  and 
accelerated  stream.  That  this  sti*eam,  however,  originates  in 
the  same  cause  with  the  ordinary  trade-winds,  and  is  destined 
to  supply  the  void  caused  by  rarefaction  to  leeward,  is  evident ; 
for  it  commences  with  the  rising  sun,  assumes  its  greatest 
force  at  the  time  the  heat  of  the  day  is  established,  and  ceases 
in  the  evening.    Thi^  part  of  the  hurricane  flows  with  steady 

''"  Scientific  Memoirs,  Vol.  iii.  p.  209-10. 
t  Trfi&tisc  on  Astronomy,  p.  132,     Note. 
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unremitting  viglenco ;  in  which  respect  it  agrees  with  our 
own  north-easterly  gales.  When  it  is  spent,  a  stratum  of  air, 
which  had  been  interposed  between  it  and  the  returning 
tropical  current,  suddenly  shews  itself;  which  having  been 
balanced  between  these  opposite  impulses,  obeys  neither,  but 
appears  (as  it  is)  at  rest  as  %o  horizontal  movement.  But  the 
calm  is  of  short  duration:  the  superior  SW.  wind  comes 
down,  and  the  moment  it  touches  the  earth,  the  storm  is  re- 
established.*"* 

46.  According  to  Re  id  and  Redfield,  the  direction  of  gyra- 
tion, in  the  West  Indian  hurricane,  is  contrary  to  the  motion 
of  the  hands  of  a  watch,  or,  is  NW.SE.,  as  indicated  by  the 
outer  arrows  of  the  accompanying  fig- 
ure. Thus  the  wind  at  N.  would  be 
from  East,  at  W.  from  North,  at  S. 
from  West,  and  at  E.  from  South,  and 
at  every  intermediate  point,  its  line  of  ^^ 
direction  would  be  a  tangent  to  the 
circle  at  that  point.  The  arrows  in 
each  quarter  of  the  circle  shew  the 
general  direction  of  the  four  different 
currents  which  are  found  in  the  atmosphere,  at  the  inner 
margin  of  the  trade-winds,  which  perfectly  coincide  with  the 
facts  which  have  been  ascertained  as  to  the  gyration  of  the 
hurricane,  and  with  which  their  connexion  is  too  obvious  to 
admit  of  a  moment's  doubt. 

47.  The  directions  of  the  wind,  however,  at  different  points 
of  the  hurricane,  will  be  somewhat  different  from  those  in 
Fig.  1,  though  the  general  similarity  will  remain.  For  in- 
stance, in  Fig.  2,  supposing  the  centre 
of  the  storm  to  be  at  C,  the  trade- 
wind  will  be  felt  over  nearly  the  whole 
northern  half  of  the  circle  E  N  W.,  and 
will  continue  the  same  direction  over 
a  portion  of  the  quadrant  W  S.  And, 
in  the  quadrant  E  N ,  that  portion  of  it 
which  lies  to  the  eastward  of  the  line 
passing  through  the  centre,  will  be 

*  lloward'8  Climate  of  London,  2d  edition,  Vol'  iiV  pV  212-l'3. 
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gradually  deflected  from  its  original  direction  more  and  more 
to  the  eastward,  as  it  approaches  the  point  E.  The  NW. 
current,  which  naturally  lies  above  the  trade-wind,  will 
first  impinge  on  the  earth's  surface  from  A  to  C,  along 
the  S  E.  or  central  margin  of  the  north-easterly  current,  in 
the  quadrant  WS.,  and  will  extend  over  the  southern  half  of 
the  quadrant  S  E.  The  SW.  current,  in  like  manner,  flowing 
above  that  from  the  NW.,  will  equally  reach  the  earth  along 
its  north-eastern  or  central  margin  from  B  to  C,  and 
will  be  felt  over  the  remaining  half  of  the  quadrant  S  E, 
and  also  over  a  variable  portion  of  EN.  Owing  to  the 
great  diminution  of  pressure,  in  the  centre  of  the  storm, 
the  lowest  portions  of  the  atmosphere,  over  the  whole  of  the 
south-eastern  quadrant,  will  be  forced  inwards  towards  it, 
and  under  the  outer  edge  of  the  south-westerly  current,  so 
that,  while  portions  of  the  trade,  having  their  southerly  mo- 
tion checked,  still  retain  their  easterly  direction,  will  be  felt 
as  breezes  from  the  E.,  ESE.,  or  SE. ;  other  portions  of  air, 
nearer  the  south,  will  flow  more  nearly  north,  and  will,  con- 
sequently, be  experienced  as  southerly  winds  ;  and  the  tran- 
sition from  these  to  those  from  the  SE.,  or  the  deflected  por- 
tion of  the  trades,  at  any  given  point,  will  occur  gradually 
as  the  storm  passes  to  the  westward.  Though  not  mentioned 
above,  the  great  diminution  of  pressure  towards  the  centre 
of  the  storm,  will  always  cause  a  certain  amount  of  centri- 
petal motion  in  the  surrounding  currents. 

48.  According  to  these  views,  there  is  no  actual  gyration 
in  the  hurricane,  but  the  various  currents  which  contribute 
to  produce  it,  are  first  deflected  downwards  to  the  earth's 
surface,  and,  as  soon  as  they  pass  its  limits,  again  assume 
their  proper  level  in  the  atmosphere,  and  continue  their  ori- 
ginal course  without  interruption.  It  follows,  too,  from  these 
views,  that  at  a  point  on  the  south-western  margin  of  the 
storm,  the  raising  of  the  wind  from  NE.  to  NW.  may  be  ex- 
perienced simultaneously,  or  nearly  simultaneously,  with  the 
same  changes  in  the  centre  of  the  storms ;  and,  also,  that 
strong  winds  from  the  NW.,  veering  to  SW.  and  S.,  may 
be  felt  completely  to  the  south-eastward  of  the  point  at 
which  the  acceleration  of  the  trade- wind  first  occurred,  or 
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where  this  was  only  to  a  moderate  extent.  Facts  will  be 
hereafter  adduced  in  support  of  these  positions,  which  are 
inexplicable  on  the  ordinary  theory  of  rotation. 

49.  It  will  now  be  necessary  to  point  out  the  circum- 
stances under  which  these  atmospheric  currents  come  to  de- 
viate from  their  ordinary  course,  and  to  present  the  violence 
of  the  hurricane,  and,  also,  to  explain  the  gradual  fall  and 
subsequent  rise  of  the  barometer,  and  the  central  calm  which 
is  observed  during  the  storm. 

50.  Hurricanes  seem  to  originate  in  two  ways,  which  it  is 
necessary  to  distinguish ;  in  one,  the  air  near  the  inner  mar- 
gin of  the  trade-wind  is  drawn  to  the  southward  with  great 
velocity  ;  and  the  other  phenomena  of  the  hurricane  gradually 
supervene  ;  in  the  other,  when  the  inner  margin  of  the  trade- 
wind  is  about  lat.  12°  or  13°  N.,  an  indraught  of  air  takes 
place  over  the  northern  part  of  the  South  American  coast 
during  the  day  or  evening,  and  the  air  to  the  north  of  it 
flows  towards  the  point  of  least  pressure,  to  restore  the  equi- 
librium. The  velocity  this  air  acquires  will  always  cause  it 
to  flow  past  the  point  of  least  pressure,  when  it  will  accu- 
mulate to  the  southward  until  the  increased  pressure  be  suf- 
ficient to  counterbalance  the  momentum  of  the  current,  so 
that  the  current  from  the  northward  will  continue  towards 
this  point,  only  the  point  itself  will  clearly  be  gradually  re- 
moved to  the  north.  In  from  8  to  12  hours,  the  diminution 
of  pressure  would  begin  to  be  sensible  at  Barbadoes. 

51.  It  is  obvious,  from  what  has  already  been  stated,  that 
the  moon's  attraction  (35,  et  seq.)  on  the  atmosphere,  within 
the  tropics,  is  quite  sufficient,  at  certain  seasons,  to  increase 
the  velocity  of  the  currents  already  existing,  or  even,  when 
exercised  in  the  proper  direction,  to  overcome  them  at  any 
given  point,  and  to  originate  others  with  an  opposite  ten- 
dency. Such  changes  will,  naturally,  be  much  more  frequent 
and  abrupt  about  the  inner  margin  of  the  trade-wind  than 
elsewhere,  though,  when  local  circumstances  are  favourable, 
it  is  not  unreasonable  to  suppose  they  might  occur  at  any 
point  in  its  course. 

52.  If,  when  the  lower  portions  of  the  atmosphere  about 
the  inner  margin  of  the  trade-wind,  in  August  or  September, 
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were  either  almost  quiescent,  or  moving  gently  from  the 
NE.,  the  moon  passes  the  meridian  in  such  a  declination  as  to 
cause  a  rapid  flow  of  air  to  any  point  considerably  to  the 
southward,  that  must  of  necessity  be  supplied  by  the  NE. 
and  NW.  currents,  already  so  often  mentioned,  and  it  is  ob- 
vious that  the  NW.  current,  and  the  upper  portions  of  the 
NE.,  will  have  acquired  a  high  velocity  long  before  the  lower 
portion  of  the  trade,  which  is  in  immediate  contact  with  the 
earth's  surface,  and  much  retarded  by  its  friction  thereon, 
can  be  materially  accelerated.  The  moment  this  flow  com- 
menced, the  absolute  quantity  of  air  in  a  vertical  column  of 
the  atmosphere,  within  its  limits,  would  begin  to  diminish, 
and,  consequently,  the  barometer  to  fall,  though  for  hours 
afterwards,  perhaps,  there  might  be  nothing  in  the  state  of 
the  wind  on  the  earth's  surface  to  excite  attention. 

53.  As  the  lowest  portions  of  the  atmosphere  have  always 
a  higher  temperature  within  the  tropics  than  those  a  little 
higher,  the  former  would  gradually  rise,  while  the  latter 
would  fall  downwards  and  occupy  their  place,  but,  as  soon 
as  the  ascending  portions  reached  the  elevation  of  the  cur- 
rent moving  to  the  southward  (52),  they  would  be  rapidly 
carried  avv^ay  by  it;  and,  as  the  interchange  continued,  por- 
tions of  the  current  itself  would  be  deflected  downwards  in 
place  of  the  warmer  ascending  columns,  and,  retaining  their 
original  velocity,  would  be  experienced  below  as  strong  gusts^ 
coinciding  in  direction  with  the  current  from  which  they  were 
derived. 

54.  A  few  such  gusts,  within  a  short  distance  of  each  other, 
would  throw  the  intervening  quiescent  air  into  violent  ed- 
dies, and  destroy  the  equilibrium  which  had  previously  ex- 
isted among  its  various  portions,  and  thereby  still  farther 
facilitate  its  ascent  in  the  atmosphere,  while  its  place  on  the 
surface  of  the  earth  would  be  occupied  by  portions  of  the 
current,  already  flowing  rapidly  over  it,  rather  than  by  the 
adjacent  portions  of  the  lowest  strata,  which  hitherto  have 
not  had  their  velocity  sufficiently  increased  to  flow  in  readily. 
The  absolute  quantity  of  air  in  the  vertical  column  of  the 
atmosphere  over  this  point  would  be  thus  farther  reduced, 
and  the  barometer  would  descend  to  a  corresponding  extent. 
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As  the  current  flowed  through  the  breach  thus  formed  in  tho 
lowest  stratum  of  the  atmosphere,  its  velocity  could  never 
be  sufficiently  reduced  to  admit  of  its  accumulating,  so  as  to 
restore  the  equilibrium  of  pressure,  but  it  would  tend  to 
elongate  the  breach,  in  a  south-westerly  direction,  the  first 
portions  propelling  the  still  air  in  that  direction,  and  those 
which  follow  gliding  above  them  as  they  became  retarded  by 
the  resistance  they  met  with. 

55.  The  difference  of  pressure  within  the  storm,  and  be- 
yond it  to  the  northward,  now  becoming  very  considerable, 
would  cause  the  lower  portions  of  the  comparatively  still  air 
around  its  northern  margin  to  flow  towards  its  centre,  still 
retaining,  however,  more  or  less  of  their  easterly  tendency. 
As  soon  as  these  became  mixed  up  with  the  original  current, 
their  velocity  would  be  farther  increased ;  they  would  be 
swept  away,  in  fact,  by  the  rapidity  of  its  motion. 

56.  The  upper  portion  of  the  trade-wind  being  thus  di- 
rected downwards,  with  great  velocity,  retains  its  easterly 
tendency  unaltered,  but  the  southerly  motion  is  much  greater 
than  usual  (2),  and  the  wind,  instead  of  being  NE.,  or  ENE., 
will  at  first  be  experienced  from  NNE.  In  consequence  of 
this  alteration  in  direction,  that  part  of  the  trade  to  the  west- 
ward of  the  storm  being  no  longer  backed  up  as  before,  will, 
while  flowing  southward,  have  its  easterly  tendency  checked, 
and  will  gradually  flow  towards  the  line  of  least  pressure 
(as  between  NW.  in  fig.  2),  being  felt  as  NNE.,  or  N.  cur- 
rents ;  and  thus  joining  with  the  one  already  flowing  in  the 
same  direction,  will  gradually  acquire  the  same  velocity. 
The  upper  part  of  the  trade-wind  would  obviously  be  first 
affected,  and  subsequently,  that  below,  and  the  storm  would 
move  slowly  to  the  westward,  the  first  indication  of  its  ap- 
proach being  a  gradual  fall  of  the  barometer. 

57.  While  these  circumstances  are  occurring  on  the  north- 
ern and  western  sides  of  the  storm,  others  of  an  equally 
important  character  must  be  taking  place  on  the  eastern 
side  of  its  line  of  least  atmospheric  pressure.  The  upper 
strata  of  the  trade-wind,  which  were  originally  moving  from 
the  north- east wax'd,  with  the  same  velocity,  and  in  the  same 
direction  as  that  portion  which  has  been  deflected  down- 
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wards  (64),  now  meeting  with  less  resistance  to  the  west- 
ward, will  commence  to  flow  towards  the  line  of  least  pres- 
sure (as  at  D,  iig.  2),  their  direction  becoming  at  first  ENE., 
a  little  more  to  the  SE.,  and  still  farther  to  the  south  the  south- 
erly motion  will  be  checked,  and  they  will  appear  to  come 
from  ESE.  These  portions  of  air,  having  already  had  a  rapid 
motion,  and  flowing  now  from  a  point  where  they  are  under 
a  considerably  greater  pressure  than  at  that  to  which  they 
move,  will  have  their  velocity  very  much  increased,  and  join- 
ing to  the  current  already  flowing  along  the  earth's  surface, 
will  tend  to  accelerate  it.  Here,  as  on  the  northern  and 
western  sides  of  the  storm,  too,  the  more  quiescent  lower 
stratum  will,  after  a  little,  under  the  inequality  of  superin- 
cumbent pressure  within  and  around  the  storm,  gradually 
flow  inwards  towards  its  centre  (55),  so  that,  at  a  point  com- 
pletely to  the  eastward  of  that  at  which  the  storm  com- 
menced, a  considerable  fall  of  the  barometer  might  occur, 
without  any  other  remarkable  circumstance  than  a  moderate 
acceleration  of  the  trade-wind,  and  a  slight  veering  towards 
the  south. 

58.  That  portion  of  the  trade  which  was  to  the  eastward 
of  the  line  of  least  pressure,  having  thus  been  gradually 
drawn  from  its  original  north-easterly  direction  to  an  easter- 
ly one,  it  is  clear  that  a  triangular  space  to  the  SE.  (A,  C,  E, 
Fig.  2),  comprised  between  the  original  direction  and  the 
new  one,  the  apex  being  at  the  point  of  junction  of  the  ori- 
ginal and  deflected  portions  of  the  current  (C,  Fig.  2),  will  be 
in  a  great  measure  deprived  of  its  supply  of  air  from  the 
northward.  When  the  diff*erence  of  pressure  over  the  outer 
part  of  this  space,  and  at  the  point  C,  becomes  sufficiently 
great,  the  air  will  flow  towards  that  point,  and  the  baro- 
meter will  fall  all  over  it.  But  here,  as  elsewhere,  the 
higher  portions  of  the  air  will  first  flow  towards  C,  while 
those  on  the  earth's  surface  may  remain  at  rest,  or  retain  a 
slight  motion  from  the  NE.,  until  the  difference  of  pressure 
has  become  very  great. 

59.  While  these  changes  have  been  taking  place  in  the 
lowest  current  in  the  atmosphere,  others  have  been  simulta- 
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neously  occurring  in  the  NW.  current,  then  next  above  it.* 
This,  having  its  velocity  increased  by  the  same  cause  which 
led  to  the  acceleration  of  the  superior  strata  of  the  trade- 
wind,  must  have  been  flowing  to  the  SE.  with  great  rapidity 
over  the  storm  already  raging ;  but,  as  the  two  currents 
move  at  right  angles  to  each  other,  there  must  always  be  a 
bed  of  air  of  variable  thickness  between  them  (32),  which 
may  be  subject  to  gusts  in  either  direction,  but  which  cannot 
have  a  determinate  motion. 

60.  As  the  NW.  current  flows  over  the  storm,  its  plane  of 
motion,  instead  of  being  nearly  parallel  to  the  earth's  surface 
as  previously,  will  become  somewhat  inclined  to  it,  dipping  to 
the  southward.  Being  thus  directed  downwards,  it  will 
readily  penetrate  the  still  or  nearly  still  air,  in  the  triangular 
space  mentioned  above  (58)  to  the  eastward  of  the  central 
margin  of  the  trade  wind  (C  A.  Fig.  2),  and  will  be  experi- 
enced as  a  strong  NW.  gale,  whereon  it  impinges  on  the 
earth's  surface.  In  consequence  of  the  interposed  bed  of 
still  air  between  the  NE.  and  NW.  currents,  after  the  dis- 
appearance of  the  former,  at  any  point  of  the  storm's  course, 
and  before  the  occurrence  of  the  latter,  there  will  be  a  short 
period  of  calm,  liable,  however,  to  heavy  gusts  from  either 
point,  or  from  the  intervening  ones. 

61,  When  the  NW.  current  becomes  directed  downwards, 
its  velocity  will  be  thereby  increased  ;  and  the  latent  support 
being  thus  withdrawn  from  those  portions  of  the  current  to 
the  NE.  and  SW.  of  that  first  affected,  they  will  have  a 
tendency  to  flow  towards  the  line  of  least  pressure,  as  is 
shewn  above  would  occur  in  the  trade-wind  {^^,  57).  Thus, 
to  the  NE.  of  the  line  of  least  pressure  in  this  current,  the 
direction  of  the  current  would  become  first  NNW.,  and  farther 
to  the  east  it  would  even  come  to  N.,  and  the  velocity  ac- 
quired by  those  portions  of  air,  being  in  addition  to  that  they 
previously  had  to  the  SE.  in  common  with  the  remainder  of 
the  cuiTent,  they  would,  in  like  manner  as  in  the  trade-wind, 
be  productive  of  the  most  violent  effects,  and  farther  tend  to 


*  It  will  be  shewn  further  on,  that,  in  certain  storms  in  the  West  Indies  the 
NW.  current  is  not  experienced,  and  that  their  characters  are  thereby  very 
much  modified. 
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aceelef atd  the  velocity  of  the  air  ildlvitig  frottt  th^  NW.  which 
lies  immediately  to  their  south. 

62.  It  is  also  dlear  that  the  ait-  to  the  NE;  of  the  liiie  ef 
least  pressure  iti  the  NW.  current  being  directed  towards 
that  line,  within  the  limits  of  the  storm,  instead  of  flowing  oil 
parallel  to  it,  tb  triangular  space  ^i\\  exist  in  this  eurt'ent 
similar  to  that  in  the  trade-wind  (58),  in  which  there  can  be 
iio  decided  breeze,  only,  it  will  lie  between  the  SE.  ahd  N. 
points  of  the  compass,  instead  of  between  the  8W.  and  E. 
points,  as  in  the  latter.  In  the  SW.,  owing  to  the  deficiency 
of  pressure  within  the  Storin,  the  direction  of  the  current 
will  be  gradually  brought  to  WNW.,  and  more  to  the  south 
even  to  W. 

63.  As  soon  as  the  NW.  current  begins  to  be  felt  on  the 
earth's  surface,  it  Will  drive  off  the  still  air  from  the  space 
A  C  B,  Fig.  2,  and  elongate  the  storm  to  the  SE.,  and  at  last, 
hs  its  force  becomes  spent,  will  glide  above  the  lowest  stl*a- 
tiim  of  air,  which  here,  owing  to  the  difference  of  pressure 
Withiii  and  around  the  storm.  Will  have  a  tendency  to  flow  in 
the  opposite  direction,  viz.,  towards  its  centre. 

64.  By  referring  to  Fig,  2,  it  will  be  seen  that  the  NW. 
cuh^ent  only  partly  occupies  the  triangular  space  (58)  left 
vacant  by  the  trade-wind,  the  8W.  or  returning  equatorial 
current,  which  is  itsually  found  immediately  above  the  NW. 
one  (il),  being  deprived  of  its  usual  support,  is  deflected 
downwards,  and  experienced  bvei*  the  ^pace  unoccupied  by 
the  lower  currents  with  all  its  violence.  Within  the  limits 
of  the  storm,  the  air  to  the  westward  of  the  line  of  least 
pressure  in  this  current,  will  flow  towards  that  line,  as  in 
ihe  trjlde-winds  and  NW.  currents,  coming  to  the  WSW. 
and  W.  Along  the  east  side,  tod,  the  air  will  have  its 
easterly  motion  diminished,  and  the  wind  will  back  round 
from  SW.  to  SSW.,  or  S.  This  equatorial  cul^rent,  fls  it  aj)- 
proaches  the  southern  margin  of  the  deflected  portion  of  the 
trade-wind  (58)  extending  from  D  towards  0,  Fig.  2,  will  at 
first  tend  to  drive  it  back,  but  towal*ds  the  eastern  margin  of 
the  storm,  the  great  inequality  of  the  atmospheric  pressure, 
within  and  around  it,  will  ultimately  cause  the  air  of  the 
lower  stratum  to  insinuate  itself  under  the  equatorial  cur- 
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rent,  which,  then  gliding  above  those  flowing  to  the  south- 
wardj  will  reassume  its  ordinary  level  in  the  atmosphere. 

66.  Though  it  was  advisable,  for  the  sake  of  clearness,  to 
assume  that  the  points  of  junction  with  the  central  edge  of 
each  current  (47)  of  the  portion  of  that  current  which  hdd 
been  drawn  towards  the  line  of  least  pressure,  viz.  of  that 
from  E.  with  the  north-easterly  current,  of  the  N.  with  the 
north-westerly  current,  and  of  the  W.  with  the  south-westerly, 
were  situate  round  a  common  centre,  it  does  not  by  any 
means  follow  that  they  are  so  in  reality ;  in  fact,  it  would 
appear  the  point  in  the  trade-wind  precedes  the  others  to  the 
westward,  and  that  these  follow,  varying  in  relative  position 
according  to  circumstances. 

QQ»  From  what  has  been  stated,  it  will  be  clear  that  were 
an  observer  so  placed  that  the  centre  of  the  storm  should 
pass  over  him,  he  would  find  the  barometer  begin  to  fall  as 
tlie  upper  portions  of  the  trade-wind,  and  the  NW.  current, 
immediately  over  him,  became  accelerated  in  their  com'se 
(52);  and  as  the  storm  nioved  westward  and  the  central 
margin  (65)  of  the  trade-wind  reached  him^  the  fall  of  the 
barometer  would  continue.  When  the  north-easterly  cur- 
rent ceased,  he  would  experience  a  variable  period  of  calm^ 
with  occasional  severe  gusts  from  NE.  or  NW.  and  the  in- 
termediate points  (60),  after  which  the  NW.  current  would 
suddenly  commence  With  great  violence.  As  the  central 
margin  of  the  NW.  current  approached  the  observer,  the 
barometer  would  continue  to  fall,  and  on  its  reaching  him 
would  obtain  its  minimum,  at  which  it  would  remain  with 
calm  weather,  occasionally  interrupted  by  gusts,  between 
NW.  and  SW.,  until  the  arrival  of  the  central  edge  of  the 
SW.  current,  when  the  wind  would  suddenly  back  round  to 
the  W.  WSW.  or  SW;,  and  it  would  gradually  riscj  until  the 
air  along  the  earth's  surface  insinuating  itself  under  the  east- 
ern part  of  the  South-western  current  (64),  and  raising  this 
in  the  atmosphere,  would  lead  to  the  re-establishment  of 
the  trade-wind  under  it,  and  restore  the  full  atmospheric 
pressure. 

67.  Thus  the  fall  of  the  barometer  is  caused  by  the  gi*adual 
removal  of  the  NE.  and  NW.  currents  from  above  the  ob- 


376       Ml*  Lawson  on  the  Trade-Winds  of  Barbadoes. 

server,  owing  to  the  peculiar  deflections  they  undergo,  and 
which  have  been  described  above  (57,  62) ;  and  the  barometer 
attains  its  minimum  in  the  interval  between  the  central 
margins  of  the  NW.  and  SW.  currents,  because,  there,  from 
the  same  cause  (65),  the  SW.  current  is  also  absent,  but  no 
sooner  does  the  latter  reach  him  than  the  pressure  begins  to 
increase  and  the  barometer  regains  its  ordinary  elevation. 
Were  the  observer  anywhere  in  the  triangular  space 
ACE,  Fig.  2,  he  would  perceive  a  fall  of  the  barometer 
without  any  thing  remarkable  in  the  wind  at  first,  as  ex- 
plained above  (58).  It  is  not  to  be  supposed  that  all  these 
complicated  phenomena  occur  with  the  regularity  here  men- 
tioned, but,  though  subject  to  variation,  the  principle  re- 
mains the  same. 

68.  The  immense  quantity  of  rain  that  falls  during  a  hur- 
ricane, and  the  enormous  amount  of  electricity  developed, 
have  led  some  authors  to  suppose  that  either,  or  both  of 
these,  were  mainly  instrumental  in  producing  the  storm,  in- 
stead of  being  effects  merely,  of  the  disturbance  of  the  at- 
mospheric currents  when  nearly  saturated  with  vapour. 

69.  The  dew-point  is  usually  high  during  the  hurricane 
months  in  the  West  Indies,  and  when  the  free  movement  of 
the  atmospheric  currents  is  checked,  it  often  attains  the 
height  of  75°  or  76°  Fahr.,  while  the  temperature  of  the  air 
at  the  same  time  may  not  exceed  78°  or  80°.  Under  such 
circumstances,  the  sky,  towards  noon,  often  becomes  over- 
cast, and,  I  think,  I  never  saw,  even  in  winter,  in  this  coun- 
try, more  gloomy  and  dismal  weather  than  may  not  unfre- 
quently  be  seen  at  Barbadoes  at  mid-day,  in  August  or  Sep- 
tember. The  immense  mass  of  vapour  necessary  to  obscure 
so  completely  the  rays  of  a  vertical  sun,  could  only  be  pro- 
duced in  a  bed  of  the  atmosphere  of  great  thickness,  satu- 
rated with  moisture.  That  much  rain  falls  under  such  cir- 
cumstances is  not  astonishing,  but  their  frequent  occurrence, 
in  the  localities  most  subject  to  hurricanes,  without  pro- 
ducing any  upward  current,  as  maintained  by  Mr  Espy,  is 
certainly  strong  evidence  against  the  correctness  of  his 
theory. 

70.  The  justness  of  these  views  is  strikingly  illustrated  by 
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the  account  of  the  Barbadoes  hurricane  of  1831,  given  by 
Colonel  Reid  in  his  work ;  and,  considering  the  importance 
of  the  subject,  I  trust  I  shall  be  excused  for  introducing  it 
here  with  little  abbreviation.  This  hurricane  seems  to  have 
originated  in  the  immediate  neighbourhood  of  Barbadoes, 
and  the  state  of  the  weather  during  the  day  preceding  its 
occurrence,  has  been  noted  with  great  minuteness. 

*'  On  the  10th  August  1831,  the  sun  rose  without  a  cloud, 
and  shone  resplendently.  At  10  A.  M.,  a  gentle  breeze  which 
had  been  blowing  died  away.  After  a  temporary  calm,  high 
winds  sprung  up  from  the  ENE.,  which  in  their  turn  subsided. 
For  the  most  part  calms  prevailed,  interrupted  by  occasional 
sudden  puffs  from  between  the  north  and  north-east. 

"  At  noon  the  heat  increased  to  87°,  and  at  2  P.  M.  to  88°, 
at  which  time  the  weather  was  uncommonly  sultry  and  op- 
pressive. 

At  4  the  thermometer  sank  again  to  86°.  At  5  the  clouds 
seemed  gathering  densely  from  the  north,  the  wind  com- 
mencing to  blow  freshly  from  that  point ;  then  a  shower  of 
rain  fell,  followed  by  a  sudden  stillness ;  but  there  was  a 
dismal  blackness  all  round.  Towards  the  zenith  there  was 
an  obscure  circle  of  imperfect  light,  subtending  about  35  or 
40  degrees. 

"  From  6  to  7  the  weather  was  fair,  and  wind  moderate, 
with  occasional  slight  puffs  from  the  north,  the  lower  and 
principal  stratum  of  clouds  passing  fleetly  towards  the  south, 
the  higher  strata  or  scud  flying  rapidly  to  various  points. 

"  At  7  the  sky  was  clear  and  the  air  calm  ;  tranquillity 
reigned  until  a  little  after  9,  when  the  wind  again  blew  from 
the  north. 

"  At  half  past  9  it  finished,  and  moderate  showers  of  rain 
fell  at  intervals  for  the  next  hour. 

"  Distant  lightning  was  observed  at  half  past  10  in  the 
north-east  and  north-west.  Squalls  of  wind  and  rain  from  the 
.NNE.,  with  intermediate  calms  succeeding  each  other  until 
midnight.  The  thermometer  meantime  varied  with  remark- 
able activity ;  during  the  calms  it  rose  as  high  as  86°,  and 
at  other  times  fluctuated  from  83°  to  85°.  It  is  necessary  to 
be  thus  explanatory,  for  the  time  the  storm  commenced,  and 
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the  manner  of  its  approach,  varied  considerably  in  different 
situations.  Some  houses  were  actually  levelled  to  the  earth, 
when  the  residents  of  others,  scarcely  a  mile  apart,  were  not 
sensible  that  the  weather  was  unusually  boisterous. 

"  After  midnight,  the  continued  flashing  of  the  lightning 
was  awfully  grand,  and  a  gale  blew  fiercely  from  the  north 
and  north-east;  but  at  1  A.  M.,  on  the  11th  August,  the  tem- 
pestuous rage  of  the  wind  increased ;  the  storm,  which  at 
one  time  blew  from  the  north-east,  suddenly  shifted  from 
that  quarter,  and  burst  from  the  north-west  and  intermediate 
points.  The  upper  regions  were  from  this  time  illuminated  by 
incessant  lightnings  ;  but  the  quivering  sheet  of  blaze  was 
surpassed  in  brilliancy  by  the  darts  of  electric  fire  which 
were  exploded  in  every  direction.  A  little  after  2,  the  as- 
tounding roar  of  the  hurricane,  which  rushed  from  the  north- 
north-west  and  north-west  cannot  be  described  by  language. 
About  3  the  wind  occasionally  abated,  but  intervening  gusts 
proceeded  from  the  south-west,  the  west,  and  west-north- 
west, with  accumulated  fury." 

At  this  time  a  number  of  meteors  fell,  and  a  few  moments 
after  the  "  deafening  noise  of  the  wind  sunk  to  a  solemn 
murmur,  or,  more  correctly  expressed,  a  distant  roar,"  and 
the  lightning,  "  for  the  space  of  nearly  half  a  minute,  played 
frightfully  between  the  clouds  and  the  earth  with  novel  and 
surprising  action." 

^«  The  moment  after  this  singular  alternation  of  lightning, 
the  hurricane  again  burst  from  the  western  points  with  vio- 
lence, prodigious  beyond  description,  hurling  before  it  thou- 
sands of  missiles — the  fragments  of  every  unsheltered  struc- 
ture of  human  art.  The  strongest  houses  were  caused  to 
vibrate  to  their  foundations,  and  the  surface  of  the  very  earth 
trembled  as  the  destroyer  raged  over  it. 

^-  After  5  o'clock  the  storm,  now  and  then  for  a  few  mo- 
ments abating,  made  clearly  audible  the  falling  of  tiles  and 
building  materials,  which  by  the  last  gust  had  probably  been 
carried  to  a  loft-y  height. 

^'  At  6  A.  M.  the  wind  was  at  south,  and  at  7  south-east ; 
at  8  east-south-east,  and  at  9  there  was  again  clear  wea- 
ther. 
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*<  From  tho  direction  in  which  the  cocoa-nut  and  other 
trees  were  prostrated  next  to  the  earth,  the  first  that  fell 
must  have  been  blown  down  by  a  north-north-east  wind; 
but  far  the  greater  number  were  rooted  up  by  a  blast  from 
the  north-west."  * 

71.  The  state  of  the  barometer  during  the  hurricane,  ac- 
cording to  Lieutenant  Bynn,  fort-adjutant  at  Barbadoes, 
was  on 

August  10th  at  8  P.  M.  30-00  in. 
llth.^.  2  A.M.  29-40. 

4    •••    supposed  to  be  under  28-OO.t 

These,  however,  lose  much  of  their  interest  from  the  ab- 
sence of  the  mean  height  of  the  barometer,  and  of  any  no- 
tice as  to  the  nature  of  the  particular  instrument. 

72.  On  the  10th  August  1831,  the  sun's  declination,  on  the 
superior  meridian  at  Barbadoes,  was  15°  41'  N. ;  the  moon's 
declination  on  the  same  b""  T  N.,  and  her  hour  of  transit  2** 
27™  P.  M.  Now,  according  to  the  principles  noticed  in  the 
first  part  of  this  communication,  the  sun  and  moon  passing 
the  inferior  meridian,  with  a  northern  declination,  would 
accelerate  the  trade-wind,  while  they  checked  the  upper  cur- 
rent from  the  SW. ;  and,  as  the  sun  approached  the  supe- 
rior meridian,  his  declination  being  greater  than  the  lati- 
tude of  the  place  (Barbadoes  lies  between  13°  and  13^°  N.), 
as  soon  as  his  heat  began  to  aifect  the  air  decidedly,  that 
would  have  a  tendency  to  rise  irom  the  earth's  surface  at  a 
more  northerly  point,  and  there  join  the  currents  returning 
to  the  northward,  and,  consequently,  all  that  portion  of  the 
trade  which  was  to  the  southward  of  this  point  would  either 
simply  have  its  southerly  motion  gradually  stopped,  or  it 
might  have  it  more  or  less  reversed,  and  flow  back  from  the 
ESE.  SE.  or  even  S.  Again,  the  moon  passing  the  superior 
meridian  with  a  declination  of  5°  7'  N.  only  about  2^  hours 
after  the  sun,  would  cause  a  flow  of  air  to  those  points 
through  the  zenith  of  which  she  passed,  and  tend  to  re- 
establish the  trade-wind  (19,  32,  50) ;  but  it  is  obvious  that 


*  Reid  on  the  Law  of  Storms,  2d  edit.,  &c.,  p.  29-32. 
t  Ibid.  p.  37. 
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the  upper  portion  of  the  trade,  and  tlie  NW.  current,  would 
have  acquired  a  great  velocity  long  before  the  air  in  contact 
w^ith  the  ground  became  sensibly  affected. 

73.  Referring,  now,  to  the  description  of  the  hurricane 
given  above,  it  will  be  immediately  remarked,  that  on  the 
morning  of  the  10th  August  1831,  the  weather  was  remark- 
ably fine,  with  a  gentle  breeze,  which  died  away  by  10  A.M. 
From  10  to  mid-day  calms  prevailed,  with  occasional  flaws, 
such  as  are  usual  in  that  climate,  towards  noon,  w^hen  the 
air  is  still.  At  noon  the  thermometer  was  87°,  and  at  2  p.m. 
88°,  with  "  uncommonly  sultry  and  oppressive"  weather, 
still  indicating  the  persistence  of  calm  in  the  lower  regions 
of  the  atmosphere.  The  temperature  fell  to  86°  at  4  P.  M. 
From  5  to  6  the  clouds  seemed  gathering  densely  from  the 
north,  and  the  sky  became  generally  overcast,  while,  be- 
neath, the  calm  continued,  though  interrupted  occasionally 
by  flaws. 

74.  ''  From  6  to  7  the  weather  was  fair,  and  the  wind 
moderate,  with  occasional  slight  puffs  from  the  north ;  the 
lower  and  principal  stratum  of  clouds  passing  fleetly  towards 
the  south,  higher  strata  or  scud  flying  rapidly  to  various  points^ 
By  6  P.  M.  the  tide  in  the  atmosphere,  produced  by  the  moon's 
attraction,  (72),  had  had  about  3^  hours  to  become  deve- 
loped, and  the  currents  thereby  induced  are  indicated  in  the 
above  passage  with  a  clearness  that  admits  of  no  doubt. 

75.  From  7  to  9  the  sky  was  clear  and  the  air  calm.  From 
9i^  to  10^  P.  M.,  the  wind  was  north,  with  slight  showers. 
From  10 1  p.m.  until  midnight,  there  were  "  squalls  of  wind 
and  rain  from  the  north- north-east,  with  intermediate  calms 
succeeding  each  other  f^  the  thermometer  during  the  calms 
stood  as  high  as  86°,  and  at  other  times  varied  from  83°  to 
85°.  During  these  squalls,  houses  were  levelled,  while  a 
mile  off  the  weather  was  not  considered  unusually  boister- 
ous. Here  it  is  to  be  observed  that  the  wind  first  came  from 
the  north  (56) ;  that  heavy  gusts  were  afterwards  felt  from 
north-north-east,  during  which  the  thermometer  fell  consi- 
derably, thereby  shewing  that  the  air  forming  these  gusts 
came  from  a  considerable  elevation  ;  and  also,  that  previous 
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to  its  deflection  downwards,  it  must  have  been  moving  from 
NNE.  with  great  velocity  (53,  74). 

76.  "  From  midnight  to  1  A.  M.  on  the  11th  August,  the 
*  gale  blew  fiercely,'  and  at  1  seems  to  have  drawn  round  as  far 
as  north-cast,  a  change  that  would  necessarily  occur  as  the  gale 
proceeded  westward  (57).  About  this  time  the  force  of  the 
wind  increased,  it  suddenly  shifted  from  tJie  north-east,  and 
burst  from  the  north-west  and  intermediate  points'^  This  gra- 
dual veering  from  the  south  to  the  north-east,  according  to 
the  rotatory  theory,  would  have  placed  the  centre  of  the 
storm  to  the  southward  of  the  island,  and,  according  to  it, 
too,  the  subsequent  backing  from  north-east  to  north-west, 
under  these  circumstances,  should  not  have  occurred.  If  the 
centre  of  the  storm  passed  to  the  northward  of  the  island, 
the  wind,  according  to  the  rotatory  theory,  should  have 
backed  gradually  from  north-east  to  NNW.  and  NW.,  and 
not  '  suddenly^  from  NE.  to  NW.,  as  was  actually  observed. 
The  gradual  veering  from  N.  to  NE.,  according  to  the  cen- 
tripetal theory,  would  have  placed  the  centre  of  the  storm  to 
the  south  of  the  island,  and,  were  it  correct,  the  wind  should 
have  veered  to  the  eastward,  and  have  gradually  ceased. 
On  the  contrary,  these  changes  of  direction  may  not  only  be 
completely  explained  on  the  supposition  of  two  currents  flow- 
ing from  the  NE.  and  NW.,  with  an  intermediate  stratum 
of  air  (32,  59),  but  in  their  turn  aff"ord  the  most  convincing 
proof  that  such  actually  exists. 

77.  After  2  a.m.  the  wind  was  north  north-west,  and  north- 
west. About  3  it  occasionally  abated,  "  but  intervening  gusts 
proceeded  from  the  south-west,  the  west,  and  west  north-west, 
with  accumulated  fury '"^  According  to  the  centripetal  theory, 
a  storm  in  which  such  changes  occurred  should  have  been 
proceeding  northward,  yet  the  course  of  this  hurricane  was 
most  satisfactorily  shewn  by  Colonel  Reid  to  be  westerly. 
It  would  be  very  diflicult,  too,  to  account  for  all  these  changes 
of  wind  on  the  principles  of  pure  rotation,  though  by  referring 
them  to  the  difl'erent  currents  which  usually  prevail  in  the 
atmosphere  within  the  limits  of  the  trades,  every  shift,  every 
squall  even,  may  be  satisfactorily  explained  (32,  59). 

78.  About  3  A.M.  there  was  a  temporary  lull  accompanied 
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by  a  remarkable  display  of  meteors,  immediately  after  which 
the  hurricane  again  burst  from  the  western  point  with  violence 
prodigious  beyond  description.  Here,  again,  the  stratum  of  air 
lying  between  the  NW.  and  SW.  currents,  which  had  been 
subject  to  gusts  from  SW.  to  AYNW.,  had  no  sooner  passed 
to  the  westward  than  the  south-westerly  current  suddenly 
impinged  on  the  ground  with  the  utmost  violence. 

79,  After  5  A.M.  the  wind  began  to  abate  in  force,  and  the 
excess  of  atmospheric  pressure  around  the  storm  which  had 
previously  been  counterbalanced  by  the  violence  of  the  SW. 
current,  now  began  to  act  by  causing  the  air  to  flow  in  from 
the  south  and  east  (64),  so  that  at  6  A.M.  the  wind  was  south, 
at  7  A.M.  south-east,  at  8  a.m.  east-south-east,  and  at  9  clear 
weather. 

80.  This  storm  was  experienced  at  St  Lucia,  St  Vincent, 
and  in  the  neighbourhood  of  Grenada.  The  northern  ex- 
tremity of  the  first  island  is  about  94  geographical  miles 
NW.  by  W.  of  the  centre  of  Barbadoes,  the  east  coast  of 
St  Vincent  about  86  miles  W.  of  Bardadoes,  and  the  north 
point  of  Grenada  is  nearly  SW.  by  W.  of  Barbadoes  130 
miles.  Now,  supposing  the  hurricane  to  have  been  strictly 
rotatory,  and  its  centre  to  have  passed  a  little  to  the  north  of 
Barbadoes,  its  course  being,  according  to  Bedfield's  chart 
(No.  3  in  Reid's  work),  WNW.,  it  should  have  commenced, 
first  at  St  Lucia,  then  at  St  Vincent,  and  afterwards  at 
Grenada,  the  direction  of  the  wind  at  each  being  a  tangent 
to  the  circle  of  rotation.  But  it  first  commenced  near 
Grenada,  where  the  army  Schooner,  Duke  of  York,  began  to 
experience  heavy  squalls  from  the  north-west  about  midnight^ 
fully  an  hour  before  the  wind  at  Barbadoes  backed  from  NE. 
to  NW.,  and  while  there  was  nothing  in  the  state  of  the 
weather  at  St  Lucia  or  St  Vincent,  to  excite  attention. 
Towards  the  north  of  St  Lucia  it  began  to  blow  hard  at  4  A.M. 
on  the  11th,  from  the  north^\  and  at  St  Vincent  the  hurri- 
cane commenced  at  7  A.M.  from  the  north-westward.\  These 
facts,  which  are  utterly  inexplicable  on  the  principles  of 
simple  rotation,  are  readily  and  naturally  accounted  for  by 


*  Reid,  p.  33.  t  Ibid.  p.  32.  \  Ibid.  p.  27  and  33. 
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the  existence  of  the  trade-wind  and  NW.  current  in  the  at- 
mosphere, the  latter  impinging  on  the  earth's  surface  at 
points  over  which  the  former  did  not  extend  (47,  60). 

81.  At  the  northern  extremity  of  St  Lucia,  the  force  of  the 
hurricane  was  greatest  between  8  and  10  a.m.,  from  which 
time  the  wind  veered  round  to  east,  and  died  away  at  south- 
east. At  the  southern  extremity  of  the  island,  the  most 
violent  part  of  the  storm  was  from  the  south-west ;  and  in 
St  Vincent,  which  lies  next  to  the  South  of  St  Lucia,  the 
wind  backed  from  NW.  to  W.  atid  SW.* 

82.  If  the  directions  of  the  wind  at  St  Lucia,  St  Vincent, 
and  Barbadoes,  at  any  given  hour,  be  compared^  it  will  be 
found  that  they  do  not  agree  with  the  rotatory  theory.  At 
7  A.M.  on  the  11th  August,  for  instance,  the  \vind  at  St  Lucia 
was  NE.,  at  St  Vincent  NW.,  and  at  Barbadoes  SE.  Now, 
according  to  the  rotatory  theory,  at  the  latter  the  wind 
should  have  been  about  SW.  by  S.,  shewing  a  difference  of 
seven  points,  or  79°  between  the  theoretical  and  true  direc- 
tions. 

83.  In  the  accompanying  diagram  (fig.  3)^  Barbadoes,  St 
Lucia,  and  St  Vincent,  are  laid  down,  and  the  direction  of 
the  wind  throughout  the  storm,  supposing  it  to  be  composed 
of  different  currents,  as  advocated  in  this  paper.  I  have 
assumed  that  the  centre  of  the  hurricane  was  a  little  more  to 
the  south  than  Reid  supposed,  and  that  its  tract,  instead  of 
being  WNW.,  as  laid  down  by  Redfield,  was  at  first  not 
higher  than  W.  by  N.  i  N.  The  north-westerly  wind  at 
Barbadoes,  came  "  from  the  north-north-west  and  north 
west"  (70),  it  is  projected  in  the  diagram  as  NW.  by  N., 
the  intermediate  point.  The  thick  line  shews  the  course  of 
the  centre  C  of  the  storm,  and  its  position  is  indicated  for 
every  hour  the  dotted  lines,  parallel  to  it,  pass  through 
Castries  in  St  Lucia,  and  another  point  in  the  south  of  the 
island,  through  Bridgetown  in  Barbadoes,  and  Kingston  in 
St  Vincent,  and  by  following  either  of  these  from  west  to  east, 
the  changes  of  direction  of  the  wind  at  each  point,  as  the 
gale  passed  over  it,  will  be  readily  seen.     These  will  be 

*  Keid,  p.  32-3. 
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found  to  agree  much  more  closely  with  the  above  statements, 
not  only  as  to  direction,  but  also  as  to  the  time  of  their 
occurrence,  than  any  laid  down  on  the  principles  of  true  ro- 
tation.* 

Fig.  3,  shewing  the  directions  of  the  wind  during  the  Barbadoes  hurricane  of 
1831,  on  11th  August,  at  7  a.m. 


84.  A  gentleman  named  Giltens,  residing  at  Barbadoes, 
prognosticated  the  occurrence  of  this  hurricane  at  4  P.M.  on 
the  10th.  The  chief  indication  he  relied  on  seems  to  have  been 
"  the  darting  forward  of  the  clouds  with  flat  irregular  motion, 
not  borne  by  the  wind,  but  driven  as  it  were  before  it."  t 

85.  It  may  be  asked  how,  if  the  first  phenomena  of  a  hurri- 
cane consist  merely  of  an  acceleration  of  the  trade-winds, 
this  should  not  have  been  experienced  in  the  above  instance  at 
St  Vincent,  as  well  as  at  St  Lucia.  There  is,  unfortunately, 
no  account  of  the  state  of  the  weather  at  St  Vincent  previ- 
ous to  the  commencement  of  the  hurricane,  but  from  colla- 
teral evidence  the  force  of  the  wind  does  not  seem  to  have 
been  unusual.  The  distance  from  the  northern  extremity  of 
St  Lucia  to  the  middle  of  St  Vincent  is  about  60  miles,  and 
though  the  hurricane  might  have  been  raging  with  great 
violence  from  NNE.  or  NE.  at  the  former  place,  still  as  the 

*  If  the  lines  indicating  the  direction  of  the  wind  be  taken  off  on  tracing  paper, 
and  this  moved  along  the  track  of  the  storm  so  as  to  bring  the  point  C  over  its 
place  for  any  given  hour,  the  direction  of  the  wind,  at  that  hour,  will  be  im- 
mediately seen  at  every  point  within  its  range.  t   Keid,  p.  36. 
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wind  passed  south,  the  first  portions  of  air  would  meet  with 
others  moving  slower,  which  would  impede  their  onward  pro- 
gress, and  afterwards,  the  lower  portions  having  their  motion 
checked  by  friction  on  the  earth's  surface,  those  which  follow- 
ed would  at  length  glide  over  them  (54),  and  thus  form  a 
strong  NE.  current  at  some  elevation  ;  that  being  protected 
from  its  influence  by  the  stiller  air  resting  immediately  on 
the  ground,  there  not  being  time  for  the  latter  to  become  af- 
fected until  the  central  edge  of  the  NE.  current  had  moved 
to  the  westward,  after  which  the  wind  could  no  longer  be 
felt  from  the  NE. 

86.  Such  was  the  case  at  St  Vincent.  A  gentleman 
named  Simmons,  who  resided  on  the  east  coast  of  this  island 
at  its  centre,  having  ridden  out  at  daylight  (about  5  a.m.  at 
this  season),  saw  a  cloud  to  the  north  of  him,  so  threatening 
in  appearance,  that  he  had  never  seen  any  so  alarming  dur- 
ing his  long  residence  in  the  tropics.*  At  this  hour  the 
wind,  at  the  north  of  St  Lucia,  was  nearly  N.  and  blowing 
hard.  When  the  hurricane  did  commence  at  St  Vincent,  it 
had  nearly  attained  its  greatest  force  at  St  Lucia,  but  was 
still  north-easterly,  so  that  though  the  storm  was  raging  at 
no  'great  distance  to  the  north,  it  did  not  appear  at  St 
Vincent  for  several  hours  after,  and  not  until  there  was  suf- 
ficient time  for  tlie  central  margin  of  the  NE.  current  to  have 
moved  to  the  westward,  so  as  to  permit  that  from  the  NW. 
being  directed  downwards  (60). 


On  the  Beneficent  Distribution  of  the  Sense  of  Pain.     By 
Mr  G.  A.  RoWELL.     Communicated  by  the  Author,  t 

Having  had,  in  my  youth,  an  aversion  to  animal  food,  from 
an  idea  that  it  was  cruel  to  destroy  life  for  the  purpose  of  ob- 
taining it,  I  have  been  led  by  that  feeling,  and  a  few  rather 
extraordinary  circumstances  which  have  come  under  my  no- 
tice, to  pay  some  attention  to  the  effects  produced  by  injuries 
to  various  animals ;  which  investigation  has  caused  such  a 

*  Reid,  p.  27. 

t  Head  before  the  Ashmolean  Society  of  Oxford,  3d  May  1847, 
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complete  change  in  my  opinions  on  the  use  and  distribution 
of  the  sense  of  pain,  that,  so  far  from  considering  it  an  inflic- 
tion, I  now  believe  it  to  be  one  of  the  most  necessary  senses 
we  possess  ;  that,  like  all  other  senses,  it  is  given  to  animals 
in  as  great  a  degree  as  it  is  necessary  and  useful  to  them ; 
that  no  animals  have  a  greater  sense  of  pain  than  is  neces- 
sary for  the  preservation  of  the  class  to  which  they  belong  ; 
that  those  which  are  designed  for  food,  suffer  little  when 
killed,  in  comparison  to  what  other  animals  would  feel  from 
the  same  infliction  ;  and  that  some  are  totally  devoid  of  the 
sense  of  pain. 

In  submitting  this  paper  to  the  consideration  of  the  Ash- 
molean  Society,  I  beg  to  state  distinctly,  that  I  do  not  pre- 
tend to  any  knowledge  of  anatomy,  but  have  been  led  to  my 
conclusions  by  what  appears  to  be  the  effect  of  injuries  to  dif- 
ferent animals.  I  do  not  attempt  to  assign  any  cause  for  the 
difi^erence  of  the  amount  of  pain,  whether  it  be  that  the  nerves 
are  less  sensitive,  or  less  numerous  in  some  classes  than  in 
others,  or  whether  it  is  owing  to  the  want  of  reflecting  facul- 
ties, but  only  to  shew  that  there  is  such  a  diff'erence. 

I  do  not  know  that  there  is  any  thing  new  in  the  opinions  I 
advance;  but  as  I  have  had  more  than  ordinary  opportunities  of 
witnessing  the  efl'ect  of  wounds  on  some  classes  of  animals, 
I  submit  this  paper,  believing  that  the  consideration  of  the 
subject  is  calculated,  in  the  highest  degree,  to  excite  feelings 
of  gratitude  and  admiration  of  the  merciful  designs  of  Provi- 
dence ;  and  as  the  discovery  of  the  use  of  the  vapour  of  ether 
has  recently  brought  the  sense  of  pain  under  the  considera- 
tion of  this  Society,  I  hope  the  paper  will  be  in  some  degree 
interesting. 

There  can  be  little  doubt  that  the  sense  of  pain  is  of  the 
first  importance  to  mail,  to  guard  and  warn  him  from  injury. 
The  skin  is  very  sensitive,  the  body  being  thus  enveloped  in 
a  membrane  susceptible  of  the  slightest  injury,  while  the 
heart,  lungs,  brain,  and  other  vital  internal  parts  that  are 
thus  guarded,  are  almost  insensible  ;  but  although  the  lungs 
are,  in  a  great  degree,  insensible  of  pain  during  consumption, 
they  are  extremely  sensible  of  the  impurities  of  the  air,  thus 
guarding  against  the  inhalation  of  anything  injurious.     As 
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the  hands,  and  especially  the  fingers,  are  verj  liable  to  injury, 
the  sense  of  pain  is  great  in  those  parts  ;  and  I  believe  there 
may  be  more  real  pain  from  a  gathering  in  the  finger,  than 
from  very  many  of  the  most  fatal  complaints.  The  exterior 
coating  of  the  eye  is  extremely  sensitive  ;  while  the  back  and 
interior  portions  of  that  organ  are  almost  insensible*  The 
sense  of  pain  in  the  mouth  guards  the  throat,  and  in  the  sto- 
mach is  a  warning  against  our  eating  anything  that  is  injuri- 
ous* Rheumatic  pains  are  bad ;  but  how  many  more  fatal  cases 
would  arise  from  colds,  &c.,  if  man  was  not  warned  by  pain 
and  inconvenience  of  the  bad  effects  upon  his  constitution  of 
sudden  changes  of  temperature. 

One  of  the  best  ways  to  judge  of  the  value  of  anything,  is 
to  consider  how  we  could  do  without  it ;  and  it  will  be  well  to 
do  so  in  the  present  case.  Thus,  if  a  man  had  not  the  sense 
of  pain,  he  might  sit  by  a  fire,  and,  in  his  absence  of  mind, 
put  his  foot  upon  it,  and  soon  find  himself  minus  that  use- 
ful member ;  he  might  have  lime  blown  into  his  eyes,  and 
thus  lose  his  sight  if  not  warned  by  the  pain  ;  in  fact,  there 
would  be  no  end  to  his  dangers  if  not  possessed  of  that  use- 
ful monitor,  which  guards  him  from  injury,  and  is  a  check  to 
his  excesses.  There  may  be  pains  and  sufferings,  the  use  of 
which  it  may  be  difficult  to  see ;  but  I  would  rather  attribute 
this  to  a  want  of  knowledge,  than  believe  that  the  rule  which 
holds  good  in  so  many  cases  does  not  hold  good  in  all.  In 
fact,  the  beneficial  use  of  the  sense  of  pain  to  man  is  so  evi- 
dent, and  has  been  pointed  out  so  long  since  in  Paley's  Na- 
tural Theology,  that  I  should  not  have  said  anything  upon  the 
point,  but  that  I  considered  it  necessar}-^  for  the  elucidation 
of  my  subject,  as  regards  its  uses  and  distribution  amongst 
the  lower  classes  of  animals. 

Before  I  enter  farther  upon  the  subject,  it  will  be  neces- 
sary to  consider  what  may  be  taken  as  a  proof  of  pain ;  con- 
vulsions are  considered  by  many  as  a  sign  of  suffering,  but  I 
believe  it  is  generally  allowed  by  the  medical  profession  that 
that  opinion  is  erroneous  :  the  cry  of  animals  cannot  always 
be  depended  on  as  indicative  of  pain,  which  is  proved  by  the 
noise  a  pig  will  make  when  taken  hold  of.  It  is  also  neces- 
sary to  make  allowance  for  the  struggling  under  restraint 
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which  is  natural  to  all  wild  animals.  The  only  criterion  to 
decide  the  question  is  to  consider  what  is  the  effect  of  muti- 
lations on  the  health  of  animals,  and  how  far  such  injuries 
interfere  with  their  usual  habits  and  appetites. 

I  will  now  state  a  few  cases,  to  shew  that  injuries,  appa- 
rently the  most  dreadful,  have  but  little  effect  on  many  of  the 
brute  creation. 

The  first  case  which  forcibly  took  my  attention,  was  see- 
ing a  horse  that  was  feeding  by  the  side  of  the  road  between 
St  Clement's  and  Headington  hill,  have  its  leg  broken  by  a 
coach-wheel  passing  over  it  just  above  the  fetlock  joint ;  the 
poor  beast  shewed  evident  signs  of  pain  at  the  moment,  the 
bone  being  dreadfully  crushed,  and  protruding  in  parts 
through  the  skin.  A  number  of  persons  collected  around,  but 
no  one  liked  to  despatch  it,  and  on  their  standing  aside,  so 
that  it  might  get  out  of  the  way  of  things  passing,  the  mo- 
ment the  horse  got  to  the  side  of  the  road  it  began  grazing, 
shewing  no  other  sign  of  pain  than  holding  up  the  injured  leg. 

Another  case  is  that  of  a  post-horse,  which  was  going  along 
the  road  between  Botley  and  En  sham,  about  twelve  years 
since,  when  it  came  down  with  such  violence  that  the  skin 
and  sinews  of  both  the  fore  fetlock  joints  were  so  cut  that 
on  it  getting  up  again  the  bones  came  through  the  skin,  and 
the  two  feet  turned  up  at  the  back  of  the  legs,  the  horse 
walking  upon  the  ends  of  the  leg  bones.  The  man  who  was 
with  it  would  not  consent  to  its  being  killed  till  he  had  in- 
formed his  master  (who,  I  believe,  was  Mr  Masters  of  Staple 
Hall  Inn,  Witney) ;  the  horse  was  therefore  put  into  a  field 
by  the  road  side,  and  was  found  the  next  morning  quietly 
feeding  about  the  field  with  the  feet  and  skin  forced  n earl 3^ 
half-way  up  the  leg  bones,  and  where  it  had  been  walking 
about,  the  holes  made  in  the  ground  by  the  leg  bones  were 
3  or  4  inches  deep. 

A  similar  accident  once  happened  to  a  coach-horse,  the  pro- 
perty of  the  late  Mr  Costar  of  Oxford ;  it  was  found,  when 
the  coach  stopped  to  change  horses,  to  have  dislocated  the 
fetlock  joints,  and  from  the  worn  appearance  of  the  ends  of 
the  leg  bones,  must  have  run  a  considerable  distance  along 
the  road  in  that  state. 
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I  do  not  lay  much  stress  on  this  case,  as  it  is  not  very  sur- 
prising that  a  spirited  horse,  in  harness  with  others,  should 
continue  running  under  such  circumstances  ;  but,  in  the  for- 
mer case,  there  was  nothing  to  excite  the  horse  but  its  hun- 
ger, and  if  the  pain  had  been  equal  to  what  such  a  dreadful 
injury  would  seem  to  indicate,  it  would  probably,  if  in  ever 
such  a  famished  state,  have  gone  upon  its  knees  to  feed, 
rather  than  upon  the  injured  parts. 

It  is  curious  to  observe  the  apparent  indifference  with 
which  some  animals  will  devour  parts  of  their  own  bodies.  I 
once  kept  tame  dormice,  and,  in  shutting  the  cage-door,  acci- 
dentally caught  the  tail  of  one  of  them,  when  it  squeaked  out 
and  left  the  skin  of  about  two-thirds  of  its  tail  sticking  to 
the  door.  Whether  the  cry  was  caused  by  pain  or  fear,  I  can- 
not decide;  but  it  went  about  the  cage  for  a  few  minutes  appa- 
rently rather  uneasy,  it  then  took  hold  of  its  tail  with  its  paws 
and  eat  all  the  injured  part,  and  then  seemed  as  well  as  ever. 

Rats  will  often  eat  their  tails  when  in  confinement,  if  kept 
short  of  food ;  and  the  habit  of  eating  their  own  tails  is  not 
uncommon  amongst  the  monkey  tribe.  I  know  a  person  who 
used  to  dip  the  end  of  his  monkey's  tail  in  tobacco  water  to 
keep  it  from  being  eaten,  and  some  of  the  monkeys  in  the 
London  Zoological  Garden  may  at  times  be  seen  enjoying 
themselves  in  this  way[;  but  from  whatever  cause  this  pro- 
pensity may  arise,  I  believe  it  is  never  indulged  in  by  the 
monkeys  with  prehensile  tails ;  their  tails  seem  to  be  too 
useful  to  be  so  wantonly  disposed  of,  and  I  have  no  doubt  are 
therefore  possessed  of  a  much  greater  share  of  the  sense|of  pain. 

A  few  years  since,  the  Quarterly  Review,  in  a  notice  of  the 
Dean  of  Westminster's  Work  on  the  bones  found  in  the  cave 
at  Kirkdale,  stated  that  an  old  hyena  kept  in  t?ie  Jardin 
des  Plantes  at  Paris,  had  its  leg  broken,  when  one  night  it  bit 
off  the  leg  at  the  broken  part,  and  eat  it. 

The  emasculation  of  large  cattle  seems  a  very  barbarous 
operation,  the  parts  being  cut  with  hot  instruments ;  yet  I 
saw  an  aged  bull  after  undergoing  that  operation,  walk  away 
very  unconcernedly,  and  then  after  grazing  for  about  half  an 
hour,  he  lay  down  and  chewed  his  cud  apparently  quite  com- 
fortable. 
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Pigs  make  a  sad  outcry  when  being  killed,  but  I  believe  it 
is  caused  by  fear  and  the  uncomfortable  way  in  which  they 
are  held,  rather  than  by  pain.  I  once  saw  a  large  pig  which 
had  been  stuck,  get  away  from  the  men  who  were  holding  it, 
and  there  was  not  the  least  cry  after  it  had  got  out  of  their 
hands,  although  it  was  bleeding  to  death  :  when  smaller  pigs 
are  killed  by  sticking  them,  and  then  letting  them  run  about 
till  they  drop,  there  is  no  cry  after  they  are  let  go ;  and  if 
stuck  skilfully,  without  taking  hold  of  them,  there  is  no  more 
noise  than  a  mere  grunt  or  squeak,  about  the  same  as  there 
would  be  if  the  pig  had  a  slight  blow  with  the  end  of  a  stick  ; 
and  I  have  no  doubt  that  a  pig  may  feel  more  pain  from  a 
heavy  blow,  than  from  being  killed  in  the  usual  manner. 
When  it  is  considered  that  the  nose  of  a  pig  is  so  very  useful 
to  the  animal  from  its  habit  of  routing  in  the  earth,  and  may 
therefore,  be  very  sensitive,  it  does  seem  probable  that  the 
opinion  is  correct,  that  a  pig  feels  more  pain  from  having  a 
ring  put  through  its  nose,  than  in  being  killed. 

I  have  stated  these  cases  to  shew  that  the  pain  felt  by 
brutes  is  much  less  than  would  be  felt  by  man  under  similar 
injuries.  My  object  is  to  shew  the  probability,  that  as  the 
sense  of  pain  is  not  so  necessary  or  useful  to  brutes,  they  have 
it  in  a  less  degree. 

In  the  next  class  of  animals  to  which  I  shall  allude,  that 
is,  rabbits  and  hares,  I  will  endeavour  to  shew  that  the  use 
of  the  sense  of  pain  is,  in  a  great  degree,  or  almost  com- 
pletely, superseded  by  other  senses,  and  that  their  sense  of 
pain  is  very  trifling,  compared  to  that  of  most  other  quadru- 
peds. There  can  be  little  doubt  that,  although  so  very  prolific, 
very  few  rabbits  or  hares  in  a  wild  state  die  of  old  age,  as 
they  are  the  food  of  a  large  class  of  beasts  of  prey.  Foxes, 
wild-cats,  martins,  pole-cats,  stoats,  and  weasels,  could  not 
exist  without  them ;  they  are  their  natural  prey,  against  the 
least  of  which  the  rabbit  or  hare  has  no  means  of  defence 
when  once  caught ;  therefore,  the  sense  of  pain  would  be  of 
no  use  to  them,  either  to  warn  them  from  danger  or  to  cause 
them  to  exert  themselves  to  escape  ;  but  a  slight  examination 
of  the  form  of  both  rabbits  and  hares  will  shew  that  they 
have  other  means  of  defence  :  their  eyes  are  not  placed  in  the 
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front  of  the  head  as  in  heasts  of  prey,  but  on  the  side  of  the 
head,  very  prominent,  so  that  they  are  enabled  to  see  before* 
behind,  and  all  around  them  ;  their  ears  also  can  be  turned 
this  way  or  that  way  to  catch  the  slightest  sound,  added  to 
which,  they  have  a  degree  of  timidity  which  keeps  them  al- 
ways on  the  alert. 

With  regard  to  their  sense  of  pain,  it  is  well  known  that 
a  hare  never,  or  very  seldom,  cries  out  when  shot,  even  if 
she  receives  her  death-wound,  if  she  can  run  a  few  yards  and 
hide  herself ;  but  if  her  legs  are  broken,  or  she  is  in  any  way 
stopped  from  running,  even  if  caught  in  a  net,  which  can  give 
her  no  real  pain,  she  utters  most  piteous  screams  ;  when  fol- 
lowed by  dogs,  her  screams  always  begin  before  they  have 
actually  caught  her,  and  it  is  worthy  of  notice  that  she  is 
niuch  more  readily  despatched  than  perhaps  any  other  animal 
of  her  size. 

Rabbits  resemble  hares  in  this  respect,  as  they  utter  no 
cry  when  wounded,  but  will  do  so  from  fear :  if  run  down  by 
a  stoat  or  weasel,  they  always  cry  out  when  the  enemy  gets 
within  two  or  three  yards  of  them,  and  are  generally  so  terri- 
fied that  they  lie  down  and  are  caught ;  therefore  the  cry  in 
this  case  is  evidently  from  fear. 

I  one  day  disturbed  a  rabbit  which  ran  away  in  so  singular 
a  manner  that  I  followed  it,  and  saw  that  the  flesh  had  been 
eaten  away  from  the  back  of  the  head  to  the  top  of  the 
shoulders ;  the  sight  was  so  sickening,  that  I  turned  away, 
thinking  the  poor  creature  could  not  live  many  minutes. 
About  two  hours  afterwards,  I  went  with  a  view  to  pick  up 
and  examine  the  rabbit,  and  when  I  came  to  the  spot,  was 
surprised  to  see  it  jump  up  and  run  away  as  before ;  the  per- 
son who  was  with  me  ran  after  it,  the  rabbit  ran  into  a  bush, 
and  he  caught  it.  Now,  although  the  poor  thing  was  so  in- 
jured, there  was  no  cry  when  I  first  disturbed  and  ran  after 
it,  or  when  it  was  disturbed  and  followed  the  second  time, 
but  the  moment  it  was  caught  it  began  to  cry  out,  shewing 
that  fear  could  excite  a  cry  which  all  its  sufferings  could  not 
do. 

When  rabbits  are  caught  in  traps,  if  not  taken  out  in  a 
short  time  they  are  almost  sure  to  escape,  either  by  breaking 
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away  by  force  from  the  trap,  and  tearing  off  the  leg,  or  by 
biting  the  leg  off.  These  traps  are  made  to  clasp  very 
strongly,  but,  to  prevent  escape  as  far  as  possible,  they  are 
made  purposely  not  to  close  nearer  than  about  the  eighth  of 
an  inch,  and  the  teeth  are  rounded  so  as  not  to  cut ;  but 
rabbits  are  so  indifferent  to  pain  that  I  have  seen  their  legs 
left  in  traps  with  the  sinews  attached  to  them,  just  as  the 
sinews  are  drawn  from  a  fowl's  legs  previous  to  cooking,  and 
yet  although  the  bone  is  so  broken,  and  the  muscles  and 
sinews  torn  apart  in  this  manner,  it  seems  to  have  little  or 
no  effect  on  the  health  of  the  animal. 

I  have  seen  them  caught  after  having  recently  lost  a  leg, 
and  to  all  appearance  in  as  good  health,  and  as  fat,  as  if  no- 
thing had  happened  to  them.  A  short  time  since,  I  saw  a 
rabbit  caught  which  had  but  one  leg,  having  lost  one  hind-leg 
apparently  some  time,  and  the  two  fore-legs  very  recently, 
but  although  the  poor  animal  had  been  obliged  to  go  along 
as  it  could  with  its  one  leg  and  the  bare  stumps  of  the  others, 
it  was  in  good  condition  and  healthy. 

Rats  will  bite  off  their  legs  in  a  similar  way,  and  escape; 
but  I  do  not  know  of  any  animal  which  is  strictly  a  beast  of 
prey,  or  rather  a  hunting  animal,  that  will  do  so.  I  have 
never  known  a  cat,  polecat,  or  such  animals  do  it,  although 
they  may  sometimes  lose  a  leg  in  a  common  trap  which  shuts 
close  and  is  apt  to  cut ;  and  I  have  lately  known  a  fox  found 
in  a  wood  in  a  dying  state,  from  starvation,  with  a  trap  on 
its  lea:,  an  incumbrance  that  a  rabbit  would  have  been  free 
from  in  a  very  short  time. 

These  facts,  will,  I  believe,  bear  me  out  on  the  point,  that 
the  sense  of  pain  is  for  the  preservation  of  animals,  by  com- 
pelling them  to  take  due  care  of  themselves,  and  that  no  ani- 
mal has  a  greater  share  of  the  sense  of  pain  than  is  neces- 
sary for  the  preservation  of  the  class  to  which  it  belongs. 
The  loss  of  a  leg  must  be  a  great  inconvenience  to  any  quad- 
ruped, but  rabbits  or  rats  may  still  procure  food  without  it ; 
even  the  case  before  alluded  to  of  the  hyena,  does  not  tell 
against  it,  as  the  hyena  does  not  get  its  food  by  swiftness  of 
foot  alone,  nor  is  its  foot  the  weapon  of  attack,  as  with  the 
cat  tribe ;  but  if  a  fox,  wild-cat,  polecat,  or  any  animal  of 
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that  description,  loses  its  leg,  it  is  a  great  chance  if  it  does 
not  die  of  starvation,  unless  its  prey  be  very  plentiful ;  there-, 
fore,  as  the  legs  are  of  so  much  importance  to  these  animals, 
they  seem  to  be  endowed  with  a  sense  of  pain  in  proportion 
to  their  usefulness,  as  a  guard  for  their  preservation. 

From  the  ease  and  indifference  with  which  crabs  and  lob- 
sters will  throw  off  their  claws,  when  under  the  influence  of 
sudden  fright,  or  when  their  claws  are  injured,  it  is  evident 
that  their  sense  of  pain  from  mutilation  must  be  very  little ; 
and,  according  to  the  argument  I  have  advanced,  it  may  be 
asked,  of  what  use  can  the  sense  of  pain  be  to  any  of  the 
crustaceous  tribes  ?  They  are  coated  in  armour  sufficient  to 
protect  them  from  all  minor  enemies,  and  if  they  get  into  the 
power  of  an  enemy  strong  enough  to  crush  through  their 
shells,  of  what  use  can  the  sense  of  pain  be  to  them  then  ? 
But  they  shew  signs  of  great  pain  when  thrown  into  boiling 
water,  and  I  see  no  reason  why  they  may  not  be  insensible 
to  pain  from  mutilations,  and  yet  be  sensible,  in  a  high  degree, 
to  pain  from  extreme  changes  of  temperature ;  for,  as  there 
are  no  bounds  to  prevent  their  ranging  over  all  parts  of  the 
sea,  it  is  probable  that  a  sense  of  temperature  is  necessary 
to  them,  and  many  other  animals  also,  to  keep  them  to  those 
parts  of  the  world  which  they  are  formed  to  inhabit.     It  may 
also  be  useful  to  keep  them  to  those  parts  and  depths  in  the 
sea  that  are  necessary  for  their  young  to  arrive  at  maturity. 
From  the  observation  of  Sir  Humphry  Davy,  and  others 
well  acquainted  with  the  habits  of  fish,  it  is  very  probable 
that  the  sense  of  pain  in  many  of  them  is  very  trifling  ;  and 
when  we  consider  the  fecundity  of  the  cod,  and  many  other 
fishes,  the  number  of  eggs  deposited  by  a  single  cod-fish  in 
one  season  (according  to  Leuenhock,  upwards  of  nine  mil- 
lions), and  bear  in  mind,  that  unless  these  fish  more  than 
double  their  numbers  annually,  that  of  the  myriads  of  fishes 
that  are  hatched  from  these  eggs,  not  more  than  three  or 
four,  on  an  average,  can  arrive  at  the  same  maturity  as  the 
parent  fish,  the  others  being  all  destroyed  at  different  stages 
of  their  growth,  being  the  food  of  other  animals ;  it  does 
seem  probable  that  there  is  a  similar  dispensation  of  mercy 
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to  them,  as  I  have  endeavoured  to  shew  there  is  to  rabbits 
and  hares. 

Many  cases  may  be  brought  forward  to  shew  the  absence 
of  pain  in  insects.  I  have  seen  a  wasp  eat  a  fly  almost  im- 
mediately after  a  portion  of  its  own  abdomen  had  been  cut 
off;  I  have  also  seen  a  cockchafer  crawling  and  eating  on 
a  hedge  after  its  abdomen  had  been  emptied  of  the  viscera, , 
probably  by  some  bird,  It  is  well  known  that  a  dragon-fly 
will  eat  freely  for  a  considerable  time  while  confined  by  a 
pin  through  its  body ;  and  every  one  who  has  collected  en- 
tomological specimens,  must  know  the  difficulty  in  killing 
some  of  the  larger  moths.  But  as  this  paper  is  already 
much  longer  than  I  originally  intended,  I  shall  say  no  more 
on  this  point,  as  the  remarks  on  the  subject  in  the  introduc- 
tion to  Kirby  and  Spence's  Entomology  are  very  generally 
known. 

It  may  be  well  to  reflect  for  a  moment  on  the  constant 
slaughter  that  is  going  on  amongst  the  lower  class  of  ani- 
mals. The  number  of  flies  eaten  by  a  single  pair  of  swallows 
and  their  young  must  be  immense. 

I  once  observed  a  rather  extraordinary  illustration  of  the 
law  of  nature  to  eat  and  be  eaten.  I  kept  in  a  glass  globe  a 
variety  of  the  smaller  aquatic  animals,  such  as  the  larvae  of  the 
dragon-fly,  &c., "and  one  day  introduced  amongst  them  a  few 
of  the  common  water  newts  and  water  beetles,  one  of  which 
was  the  ditiscus  marginalis.  The  dragon-flies  had  been  living 
upon  the  animalculse,  &c. ;  the  newts  attacked  and  devoured 
the  dragon-flies.  The  next  morning  I  found  one  of  the  newts 
lying  at  the  bottom  of  the  vessel  half-eaten,  and,  while  look- 
ing on,  saw  the  ditiscus  attack  another  newt.  Not  wishing 
to  have  them  all  destroyed,  I  took  the  ditiscus  out  of  the 
water,  and  put  it  in  the  sunshine  a  few  minutes,  when 
it  flew  away,  and  had  not  gone  more  than  30  or  40  yards 
when  a  sparrow  flew  after  and  caught  it,  This  constant  de- 
struction of  life  would  be  fearful  to  contemplate,  if  there  is 
truth  in  the  quotation  so  often  made,  that  "  the  poor  beetle 
that  we  tread  upon,  in  corporal  sufferance  finds  a  pang  as 
great  as  when  a  giant  dies." 

It  may  be  objected  to  what  I  have  advanced,  that  where 
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there  are  nerves,  there  must  be  a  sense  of  pain ;  but  I  see 
no  reason  why  the  nerves  may  not  differ  as  much  as  the  ani- 
mals to  which  they  belong ;  and  the  use  of  the  vapour  of  ether 
shews  that  nerves  may  exist  without  the  sense  of  pain  ;  for, 
if  I  understand  the  subject  rightly,  the  patient,  if  not  com- 
pletely insensible,  may  be  sensible  of  feeling  while  insensible 
to  pain. 

It  may  also  be  objected  that  I  can  bring  no  proof  oi  brutes 
not  feeling  pain  in  the  same  degree  as  man,  but  only  that 
they  do  not  shew  signs  of  so  much  suffering.  To  this  I  would 
answer,  that  while  I  admit  that  man  has  no  right  wantonly 
to  destroy  or  mutilate  any  animal,  yet,  in  searching  into  the 
works  of  creation,  seeing  that  it  is  a  law  of  nature  that  some 
animals  must  be  destroyed  that  others  may  exist,  we  have 
no  right  to  assume,  that  in  this  destruction  any  animal  feels 
more  pain  than  it  shews  signs  of. 

G.  A.  ROWELL. 

Apnl  19, 1847. 


SCIENTIFIC  INTELLIGENCE. 

GEOLOGY. 

1.  On  the  Accessory  Elements  of  Pyrogenous  Rocks,  hy  M.  J. 
Durocher. — Independently  of  the  silicated  minerals  which  constitute 
the  crystalline  rocks  called  pyrogenous,  these  rocks  contain  acces- 
sory elements,  found  in  small  quantities  it  is  true,  but  which  must 
be  taken  into  account  in  the  study  of  geological  phenomena.  M. 
Durocher's  researches  on  this  subject  have  led  him  to  the  following 
results :-— 

Almost  all  the  pyrogenous  rocks  contain  water  in  combination 
which  is  not  disengaged  but  between  100°  and  a  dull  red  heat,  le 
rouge  sombre.  They  contain  it  in  proportions  very  difl'erent,  and 
variable  between  certain  limits ;  the  ordinary  granites,  such  as  have 
undergone  no  apparent  alteration,  contain  from  1  to  5  thousandth 
parts.  When  a  granite  has  begun  to  alter  by  losing  its  lustre  and 
hardness,  the  quantity  of  water  found  in  it  increases  rapidly  to  0*03 
and  0-04 ;  besides,  even  in  granites  which  appear  unchanged,  the 
portion  consisting  of  felspar  habitually  contains  a  little  water,  al- 
though less  than  the  mica.  Petrosilex  and  the  quartz iferous  por- 
phyries contain  water  like  the  granites,  and  so  much  the  more  the 
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greater  the  alteration  they  have  undergone.  In  diorites  which  have 
undergone  no  alteration,  M.  Durocher  has  found  the  proportions  of 
water  to  vary  from  0'008  to  0*020.  The  majority  of  trap  rocks 
contain  from  0*020  to  0*060.  In  the  pyroxenic  porphyries,  basalts, 
and  trachytes,  there  is  usually,  with  rare  exceptions,  from  0*007  to 
0*030,  and  in  the  pumices  there  is  much  more,  from  0*030  to 
0-070.  In  six  volcanic  lavas  he  found  from  0*0045  to  0'0451  of 
water. 

M.  Durocher  has  ascertained  the  existence  of  carbonate  of  lime 
and  dolomite  in  many  pyrogenous  rocks  when  it  is  impossible  to  per- 
ceive them  by  means  of  a  magnifying  glass ;  he  has  discovered  this 
by  treating  small  portions  of  these  substances  with  acetic  acid.  He 
has  likewise  found  quantities  of  dolomite,  varying  from  2  to  13 
thousandth  parts  in  a  granite  from  Stockholm,  in  a  protogene  of 
the  valley  of  Agly  (Eastern  Pyrenees),  a  petrosilex  of  Sala  (Sweden), 
a  euphodite  from  Savoy,  a  basalt  of  St  Flour,  and  in  a  vesicular  and 
peridotiferous  lava  from  Auvergne.  He  has  detected  traces  of  car- 
bonate of  magnesia  in  a  hyperstenic  syenite  from  Norway.  He 
has  also  ascertained  the  presence  of  from  0*001  to  0*016  of  car- 
bonate of  lime,  either  pure  or  slightly  magnesiferous,  invisible  with 
a  glass,  in  25  specimens  of  granitic,  amphibolic,  trap,  basaltic,  py- 
roxenic, and  trachytic  rocks,  as  well  as  in  lavas  from  different  coun- 
tries. 

Thus,  independently  of  the  silicates,  the  pyrogenous  rocks  con- 
tain a  little  water  and  very  often  small  quantities  of  earthy  carbo- 
nates, which  appear  to  have  formed  part  of  them  from  the  first,  and 
not  to  have  resulted  from  infiltration.  Frequently  also  they  contain, 
as  is  already  known,  small  quantities  of  phosphates,  fluorides,  sul- 
phurets,  and  arseneosulphurets. 

The  magnetic  property  is  much  more  common  in  these  rocks  than 
is  generally  supposed.  The  granites  alone  are  rarely  magnetic. 
The  magnetism  of  these  rocks  appears  to  the  author  to  be  owing  to 
the  presence  of  a  small  quantity  of  oxidulated  iron,  sometimes  in  tita- 
niferous  iron  or  magnetic  pyrites.  In  other  respects  it  is  remarkable 
that  the  greater  part  of  crystalline  rocks,  even  those  which  are  not 
magnetic,  yield  a  little  oxide  of  iron  to  boiling  acetic  acid ;  when 
they  are  calcined,  they  almost  always  assume  a  reddish  or  rose  tint. 

M.  Durocher  concludes  by  adding  that  the  Oligoclase,  that  species 
of  felspar  which  was  first  observed  in  the  granitic  rocks  of  the  north 
of  Europe,  is  likewise  found,  though  in  smaller  quantity,  in  those  of 
France.  He  has  discovered  it  in  a  syenite  of  the  Vosges,  and  in 
numerous  granites  of  the  Alps,  Pyrenees,  and  the  west  of  France. — 
VInstitut,  No.  709,  p.  249. 

2.  Baron  Voti  JBuch  on  Glaciers. — I  think  I  may  now  well  ven- 
ture on  this  conclusion,  deduced  from  nature  and  experience,  without 
needing  to  fear  uncalled  for  verbose,  and  therefore  unmeaning,  op- 
position, since  the  singular  doctrines  of  Venetz  and  Oharpentier,  re- 
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gai'ding  the  origin  and  progress  of  glaciers,  are  only  heard  in  the  far 
distance,  and  since  the  general  conviction  that  Agassiz's  unsuccess- 
ful attempt  to  live  three  summers  on  a  glacier,  and  all  the  care  and 
labour  expended  there,  have  led  to  no  other  result,  than  to  confirm 
still  more  the  wise  considerations  and  deductions  of  Saussure,  and  to 
prove  that  the  faculty  of  extended  generalization,  which  depends  on 
few  but  sure  observations,  leads  sooner  and  more  directly  to  the 
truth  than  all  the  instruments  we  may  heap  together,  without  using 
them  with  proper  precautions.  Even  the  echo,  still  faintly  repeated 
from  the  other  side  of  the  Atlantic,  will  in  a  short  time  cease. 
"When  we  question  the  maps  of  the  Swiss  Alps,  the  mountains  in  the 
Tyrol,  the  Norwegian  glaciers,  the  few  seen  in  the  Pyrenees,  the 
magnificent  vicinity  of  the  sources  of  the  Ganges  and  Jumna, — 
everywhere  the  same  law  appears,  namely,  "  That  glaciers  only  form 
on  mountains  that  rise  above  the  limits  of  perpetual  snow,  and  spread 
out  in  this  region ;  the  origin  of  such  glaciers  must  be  sought  in  de- 
pressions,— wide  basins  of  snow.  They  never  originate  on  the  open 
rocks  far  from  large  masses  of  snow.  From  these  wide  pots  of  snow, 
the  icy  mass  proceeds  down  in  deep  valleys,  perhaps  even  to  inha- 
bited places,  where  the  temperature  of  the  air  sets  limits  to  its  far- 
ther progress,  and  where  the  portion  destroyed  by  melting  must  be 
continually  and  rapidly  renewed  from  above.' '  From  these  essential 
conditions  in  the  formation  of  glaciers  it  evidently  results,  that  the 
cause  of  their  progress  and  sliding  down  into  the  valleys  must  be 
soughtj  either  altogether,  or  at  least  diiejiy  towards  their  origin, 
and  above  the  snow-line,  never  in  the  ice  masses  themselves,  which 
in  this  respect  are  altogether  passive.  In  this  upper  region  the  pres- 
sure of  the  connected  ice  masses  operates,  exactly  as  the  pressure  on 
the  Rossberg  has  pushed  down  a  whole  stratum  of  the  mountain,  de- 
stroyed it,  and  covered  half  a  canton  with  the  giant  fragments ;  and 
this  pressure  is  not  destroyed  in  its  progress,  but  increased  until  the 
temperature  and  smaller  declination  of  the  valley  are  able  to  counter- 
balance the  pressure  of  the  mass.  No  glacier  continues  to  move 
when  the  bottom  of  the  valley  on  which  it  rests  has  a  less  inclina- 
tion than  3°  (Elie  de  Beaumont.)  No  doubt  large  extended  masses 
of  snow  often  appear  in  confined  valleys  below  the  snow  line ;  they 
may  be  even  changed  into  vaults  of  ice  as  is  so  beautifully  seen  in 
the  ice-chapel  not  far  from  the  Bartholomseus  lake  at  Berchtesgad ; 
only  these  never  move  ;  they  fill  no  valley  like  a  long  ribbon,  like  a 
frozen  cataract, — for  they  want  the  pressure  from  above,  the  only 
thing  that  can  move  them  downwards  into  the  valley. — Description 
of  Bear  Island,  vide  Quarterly  Journal  of  the  Geological  Society, 
No.  11,  p.  51. 

3.  Mark  cut  on  a  rock  cliff  at  the  mean  level  of  the  Sea,  with  the 
view  of  determining  the  secular  Variation  of  the  relative  level  of  tfic 
Sea  and  Land. — My  principal  object  in  visiting  Port  Arthur  was 
to  afford  a  comparison  of  our  standard  barometer  with  that  which 
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had  been  employed  for  several  years  by  Mr  Lempriere,  the  deputy- 
assistant  Commissary-General,  in  accordance  with  my  instructions, 
and  also  to  establish  a  permanent  mark  at  the  zero  point,  or  gene- 
ral mean  level  of  the  sea,  as  determined  by  the  tidal  observations 
which  Mr  Lempriere  had  conducted  with  perseverance  and  exact- 
ness for  some  time ;  by  which  means  any  secular  variation  in  the 
relative  level  of  the  land  and  sea,  which  is  known  to  occur  on  some 
coasts,  might  at  any  future  period  be  detected,  and  its  amount  de- 
termined. The  point  chosen  for  this  purpose  was  the  perpendicular 
cliff  of  the  small  islet  off  Point  Puer,  which,  being  near  to  the  tide- 
register,  rendered  the  operation  more  simple  and  exact ;  the  go- 
vernor, whom  I  had  accompanied  on  an  official  visit  to  the  settle- 
ment, gave  directions  to  afford  Mr  Lempriere  every  assistance  of 
labourers  he  required,  to  have  the  mark  cut  deeply  in  the  rock  in 
the  exact  spot  which  his  tidal  observations  indicated  as  the  mean 
level  of  the  ocean.  The  tides  in  the  Derwent  were  too  irregular, 
being  influenced  greatly  by  the  prevalence  of  winds  outside  and  the 
freshes  from  the  interior,  so  that  we  could  not  ascertain  with  the 
required  degree  of  exactness  the  point  of  mean  level.  It  would 
have  been  desirable  to  have  fixed  a  similar  mark  on  some  part  of 
the  opposite  side  of  the  island,  but  a  prolonged  series  of  preliminary 
observations  of  the  tides  are  necessary ;  and  as  these  had  not  been 
obtained,  and  our  limited  stay,  as  well  as  the  full  employment  for 
all  our  observers,  which  the  necessary  experiments  with  the  mag- 
netometers provided,  did  not  admit  of  our  doing  it,  I  can  only  hope 
that  some  individual  with  like  zeal  for  science  with  Mr  Lempriere, 
and  with  time  at  his  disposal,  may  yet  accomplish  this  desideratum. 
I  may  here  observe,  that  it  is  not  essential  that  the  mark  be  made 
exactly  at  the  mean  level  of  the  ocean,  indeed  it  is  more  desirable 
that  it  should  be  rather  above  the  reach  of  the  highest  tide :  it  is, 
however,  important  that  it  be  made  on  some  part  of  a  solid  cliff,  not 
liable  to  rapid  disintegration,  and  the  exact  distance  above  the 
mean  level  (which  may  also  be  marked  more  slightly)  recorded  on  a 
plate  of  copper,  well  protected  from  the  weather,  by  placing  a  flat 
stone  with  cement  between,  upon  the  plane  surface  or  platform, 
which  should  constitute  the  mark  from  which  the  level  of  the  mean 
tide  should  be  measured. 

The  most  desirable  position  for  such  another  mark  would  be  near 
the  north-west  extremity  of  the  island,  and  in  the  vicinity  of  Capo 
Grim,  near  which  the  Van  Diemen's  Land  Company  has  a  small 
establishment. — Sir  John  C.  Ross's  Voyage  to  the  Southern  Seas, 
vol.  ii.  p.  22. 

4.  Active  Volcanoes  in  the  Arctic  and  Antarctic  regions. — The 
earth's  crust,  as  we  approach  towards  the  pole  in  the  southern 
hemisphere,  presents,  in  a  remarkable  degree,  the  most  striking  in- 
dications of  the  vast  subterranean  fires  pent  up  within  it,  and,  as  we 
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now  find,  having  vent  in  both  the  frigid  zones  :  the  volcano  of  Jan 
Mayen,  actively  burning  within  the  Arctic  Circle  ;  and  Mount  Ere- 
bus, rising  from  the  lofty  mountain-range  of  the  newly  discovered 
continent  of  Victoria  to  an  altitude  of  more  than  12,000  feet  above 
the  Antarctic  Ocean,  and  sending  forth  its  smoke  and  flame  to  the 
height  of  2000  feet  above  its  crater,  the  centre  of  volcanic  action  in 
those  regions  of  eternal  snow. — Sir  James  C.  Hoss^s  Voyage  to  the 
Southern  Seas,  vol.  ii.  p.  412. 

METEOROLOGY. 

6.  Atmospheric  Pressure  under  Diferent  Latitudes, — Our  baro- 
metrical experiments  appear  to  prove  that  the  atmospheric  pressure 
is  considerably  less  at  the  equator  than  near  the  tropics ;  and  to  the 
south  of  the  tropic  of  Capricorn,  whore  it  is  greatest,  a  gradual  di- 
minution occurs  as  the  latitude  is  increased,  as  will  be  seen  from  the 
following  table,  derived  from  hourly  observations  of  the  height  of  the 
column  of  mercury,  between  the  20th  November  1839,  and  the  31st 
July  1843. 

The  mean  pressure  and  the  amount  of  atmospheric  tide  in  each 
latitude  are  as  follows  : — 


Pressure. 

Tide. 

Lat.    ) 

At  the    I 
Iquator.  j 

29-974 

6-47 

At  Sea. 

13-0     S. 

30-016 

0-60 

22  17 

30-085 

0-53 

84-48 

30-023 

0-52 

Cape  of  Good  Hope  and  Sydney. 

42-53 

29-950 

0-50 

Van  Diemen's  Land. 

45-0 

26-664 

0-31 

At  Sea. 

4&-8 

29-469 

0-40 

Kerguelen  and  Auckland  Islands. 

51-33 

29-497 

0-32 

Falkland  Island. 

54-26 

29-347 

0-22 

At  Sea. 

55-52 

29-306 

0-27 

Cape  Horn. 

60-0 

29-114 

0-24 

At  Sea. 

66-0 

29078 

0-16 

... 

74-0 

28-928 

0-16 

... 

The  above  results  are  arranged  in  belts  of  latitude,  the  observa- 
tions at  sea  being  separated  from  those  made  in  harbour ;  this  oc- 
casions more  apparent  irregularity  than  would  have  been  the  case 
had  they  been  turned  into  two  distinct  tables. 

It  has  hitherto  been  considered  that  the  mean  pressure  of  the  at- 
mosphere at  the  level  of  the  sea  was  nearly  the  same  in  all  parts  of 
the  world,  as  no  material  difference  occurs  between  the  equator  and 
the  highest  northern  latitudes.  At  Melville  Island,  in  latitude  74|°, 
it  was  found  to  be  29-870;  at  Igloolik,  in  latitude  69"^,  29-770; 
and  at  Winter  Island,  in  latitude  66"  11',  29-798.     The  cause  a£ 
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the  atmospheric  pressure  being  so  very  much  less  in  the  southern 
than  in  the  northern  hemisphere,  remains  to  be  determined  ;  and  I 
trust  that  the  very  extensive  series  of  observations  made  on  board 
the  Erebus  and  Terror,  will  be  of  material  assistance  in  the  impor- 
tant inquiry. — Cajptain  Sir  James  C.  Rosses  Voyage  to  the  Southern 
Seas,  during  the  years  1839-43,  vol.  ii.  p.  384.     184?. 

6.  Height  of  the  plane  of  Vapour  in  the  Atmosphere^  and  dif- 
ferent directions  of  superincumbent  Streams  of  Air. — As  oppor- 
tunities offered,  experiments  were  made  to  determine  the  height  of 
the  plane  of  vapour,  a  desideratum  of  great  meteorological  impor- 
tance, connected  with  all  the  most  interesting  questions  regarding 
the  distribution  of  aqueous  vapour  over  the  globe  and  the  irrigation 
of  the  continents.  The  results  of  these  experiments  differed  so 
widely  from  each  other,  owing  chiefly  to  the  great  difficulty  of  any 
thing  like  exact  determination  in  observations  of  this  nature,  and 
probably  in  some  degree  from  an  actual  difference  of  its  altitude, 
under  various  conditions  of  the  atmosphere,  ranging  from  one  thou- 
sand two  hundred  to  nearly  three  thousand  feet,  barely  entitle  them 
to  be  esteemed  more  than  a  rough  approximation,  giving  an  eleva- 
tion of  about  two  thousand  feet  as  its  mean  height  in  the  tropical 
regions. 

On  the  27th  November  1839,  the  sky  being  very  clear,  the  planet 
Venus  was  seen  near  the  zenith,  notwithstanding  the  brightness  of 
the  meridian  sun,  and  was  an  object  of  much  admiration  to  us  all. 
It  enabled  us  to  observe  the  higher  stratum  of  clouds  to  be  moving 
in  an  exact  opposite  direction  to  that  of  the  wind,  a  circumstance 
which  is  frequently  recorded  in  our  Meteorological  Journal,  both  in 
the  NE.  and  SE.  trades,  and  has  also  been  observed  by  former 
voyagers.  Captain  Basil  Hall  witnessed  it  from  the  summit  of  the 
Peak  of  Teneriffe  ;  and  Count  Strzelecki,  on  ascending  the  volcanic 
mountain  of  Kirauea,  in  Owhyhee,  reached,  at  4000  feet,  an  eleva- 
tion above  that  of  the  trade-wind,  and  experienced  the  influence  of  an 
opposite  current  of  air,  of  a  different  hygrometric  and  thermometric 
condition ;  facts  which  tend,  in  some  degree,  to  explain  the  means 
by  which  the  equilibrium  of  the  atmosphere,  under  certain  condi- 
tions, is  maintained  in  those  reorions.  Count  Strzelecki  further  in- 
formed  me  of  the  following  seemingly  anomalous  circumstance, — 
that  at  the  height  of  6,000  feet  he  found  the  current  of  air  blowing 
at  right  angles  to  both  the  lower  strata,  also  of  a  different  hygro- 
metric and  thermometric  condition,  but  warmer  than  the  interstra- 
tum. — Captain  Sir  James  C.  Bosses  Voyage  to  the  Southern  Seas, 
vol.  i.,  p.  13. 

7.  Imaginary  Land. — A  remarkable  appearance  of  land  was 
reported  in  the  evening,  and,  continuing  for  many  hours  without 
any  alteration  of  figure,  several  of  the  officers  imagined  it  was  really 
land  they  saw,  assuming  the  appearance  of  many  pointed  hills  per- 
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fectly  covered  with  snow,  and  so  calculated  to  deceive  the  inexpe- 
rienced eye,  that  had  we  been  prevented  proceeding  further,  they 
would  doubtless  have  asserted  on  our  return  to  England  that  we  had 
discovered  land  in  this  position.  This  appearance  of  land  was,  how- 
ever, nothing  more  than  the  upper  part  of  a  cloud,  marking,  by  a 
well-defined  but  irregular  line,  the  limit  to  which  vapour  can  ascend 
in  these  latitudes  ;  below,  is  vapour  in  every  degree  of  condensation ; 
above,  the  clear  cold  space  which  vapour  can  never  attain.  It  is 
always  near  the  margin  of  the  ice  that  these  appearances  of  land 
are  most  remarkable  and  most  deceptive.  It  proved  a  useful  lesson 
to  some  of  our  now  hands,  who  could  not  be  persuaded  it  was  not 
land  until  we  had  actually  passed  over  the  place  of  their  baseless 
mountains. — Sir  James  C.  Ross's  Voyage  to  the  Southern  Seas^ 
vol.  i.  p.  177. 

8.  Mild  Winters  in  England. — An  interesting  communication 
on  this  subject,  by  Colonel  Sabine,  appears  in  the  Philosophical  Ma- 
gazine.    The  unusual  character  of  the  winter  which  we  have  just  ex- 
perienced, in  which  the  mean  temperature  in  December,  January,  and 
February  exceeded  the  mean  temperature  of  the  same   months  of 
1844-45  by  an  average  of  8  degrees,  has  given  rise  to  the  inquiry. 
The  winter  which,  within  Colonel  Sabine's  recollection,  most  nearly 
resembled  the  present,  was  that  of  1821-1822  ;  and  undoubtedly  the 
resemblance  is  in  many  respects  very  striking.     The  extension  of 
the  Gulf-stream  in  that  year  to  the  coast  of  Europe,  instead  of  its 
terminating,  as  it  usually  does,  about  the  meridian  of  the  Azores, 
has  been  assigned  as  a  cause  adequate,  Colonel  Sabine  believes,  to 
account  for  the  phenomena  of  that  winter.     "  The  warm  water  of 
the  Gulf-stream  spread  itself  beyond  its  usual  bounds,  over  a  space 
of  ocean  which  may  be  roughly  estimated  as  exceeding  600  miles  in 
latitude  and  1000  in  longitude,  carrying  with  it  water  several  degrees 
higher  than  the  temperature  of  the  sea  in  ordinary  years  in  the  same 
parallels."     The  similarity  of  the  two  winters  1821-1822  and  1844- 
1845  having  been  shewn,  and  their  agreement  in  those  features  in 
which  they  differ  from  ordinary  winters.  Colonel  Sabine  says,  "  it 
will  naturally  be  asked,  what  evidence  we  have  to  prove  or  disprove 
an  extension  of  the  Gulf-stream  in  the  present  year,  similiar  to  that 
which  took  place  in  1821.     To  this  it  must  be  replied,  that,  strange 
as  it  may  appear,  this  remarkable  phenomenon  may  take  place  in  any 
year  without  our  having  other  knowledge  of  it  than  by  its  eftects, 
although  it  occurs  at  so  short  a  distance  from  our  ports,  from  whence 
so  many  hundred  vessels  are  continually  crossing  and  recrossing  the 
part  of  the  ocean  where  a  few  simple  observations  with  the  thermo- 
meter would  serve  to  make  it  known.     History  has  recorded  two 
instances  in  which  the  extension  of  the  Gulf-stream  is  known  to  have 
taken  place  ;  and  in  both  we  owe  our  knowledge  of  it  to  the  casual 
observations  of  an  accidental  voyage.'* 
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HYDROGRAPHY. 

9.  Temperature  of  the  Ocean.  — —  It  is,  therefore,  evident  that 
about  this  parallel  of  latitude,  there  is  a  belt  or  circle  round  the 
earth,  where  the  mean  temperature  of  the  sea  obtains  throughout 
its  entire  depth,  forming  a  boundary,  or  kind  of  neutral  ground,  be- 
tween the  two  great  thermic  basins  of  the  ocean.  To  the  north  of 
this  circle  the  sea  has  become  warmer  than  its  mean  temperature 
by  reason  of  the  sun's  heat,  which  it  has  absorbed,  elevating  its  tem- 
perature at  various  depths  in  different  latitudes.  So  that  the  lino 
of  mean  temperature  of  39°* 5,  in  latitude  45°  S.,  has  descended  to 
the  depth  of  600  fathoms ;  and  at  the  equatorial  and  tropical  re- 
gions, this  mark  of  the  limit  of  the  sun's  influence  is  found  at  the 
depth  of  about  1200  fathoms ;  beneath  which  the  ocean  maintains 
its  unvarying  mean  temperature  of  39°*  5,  whilst  that  of  the  surface 
is  about  78°. 

So  likewise  to  the  south  of  the  circle  of  mean  temperature,  we 
find  that  in  the  absence  of  an  equal  solar  supply,  the  radiation  of 
the  heat  of  the  ocean  into  space  occasions  the  sea  to  be  of  a  colder 
temperature  as  we  advance  to  the  south ;  and  near  the  70th  degree 
of  latitude,  v/e  find  the  line  of  mean  temperature  has  descended  to 
the  depth  of  750  fathoms;  beneath  which,  again,  to  the  greatest 
depths,  the  temperature  of  39°'5  obtains,  whilst  that  of  the  surface 
is  30°. 

This  circle  of  mean  temperature  of  the  Southern  Ocean  is  a  stand- 
ard point  in  nature,  which,  if  determined  with  very  great  accuracy, 
would  afford  to  philosophers  of  future  ages  the  means  of  ascertaining 
if  the  globe  we  inhabit  shall  have  undergone  any  change  of  tem- 
perature, and  to  what  amount,  during  the  interval. 

The  experiments  which  our  limited  time  and  means  admitted  of 
our  making,  serve  to  shew  that  the  mean  temperature  of  the  ocean 
at  present  is  about  39°*5,  or  1^°  above  the  freezing  point  of  pure 
water ;  and  as  nearly  as  possible  the  point  of  its  greatest  density. 
But  it  would  be  indispensable  that  this  temperature  should  be  as- 
certained to  the  tenth  part  of  a  degree ;  and  as  we  now  know  where 
we  may  send  any  number  of  thermometers  down  to  the  greatest  fa- 
thomable depths,  without  an  alteration  of  temperature,  even  to  that 
small  amount,  this  desideratum  might  be  very  easily  obtained. 

These  observations  force  upon  us  the  conclusion,  that  the  internal 
heat  of  the  earth  exercises  no  influence  upon  the  temperature  of  the 
ocean,  or  we  should  not  find  any  part  in  which  it  was  equable  from  the 
surface  to  the  great  depth  we  have  reached ;  a  new  and  important 
fact  in  the  physics  of  our  globe. — Sir  James  C*  Mosses  Voyage  to  the 
Southern  Seas,  vol.  ii.,  p.  377. 

10.  Low  Temperature  of  the  Sea  over  Sand-Banks.^' — *'  As  no 
sea  can  be  supposed  absolutely  motionless,  the  presence  of  a  shoal, 
by  casting  up  to  the  surface  water  which,  but  for  it,  would  have  con- 

*  Sir  James  C.  Ross's  Voyage  to  the  Southern  Seas,  vol.  ii.,  p.  35. 
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tinued  to  sweep  along  at  a  greatly  lower  level  with  the  general  body 
of  the  current,  must  bring  the  temperature  of  the  surface-water  into 
nearer  correspondence  with  that  below.  In  low  latitudes,  the  sur- 
face-water is  hotter  than  that  below ;  and,  accordingly,  it  is  a  gene- 
■  ral  remark,  that  the  temperature  water  sinks  as  the  water  shoals,  or 
oven  in  passing  over  hanks  whose  depth  is  very  considerable.  If 
this  theory  of  the  phenomenon  be  correct,  the  contrary  ought  to  be 
observed  in  situations  where  the  surface-water  is  colder  than  that 
below,  as  it  is  known  to  be,  under  particular  circumstances,  in  the 
polar  seas."  The  subject  is  one  of  considerable  interest  to  the 
navigator,  as  the  approach  to  land  or  shoal- water  is  indicated  by 
the  thermometer,  in  many  places,  with  a  high  degree  of  sensibility. 
A  remarkable  instance  of  this  kind  occurs  oft'  the  west  coast  of 
Africa,  of  which  an  account  is  given  by  Sir  J.  C.  Ross.* 

11.  Greatest  ascertained  Depth  of  the  Ocean. — On  the  3d  of 
June,  when  in  latitude  15°  3'  S.,  and  longitude  23°  14'  W.,  being 
nearly  calm,  and  the  water  quite  smooth,  we  tried  for,  but  did  not 
obtain,  soundings  with  4600  fathoms  of  line,  or  27,600  feet.  This 
is  the  greatest  depth  of  the  ocean  that  has  yet  been  satisfactorily 
ascertained,  but  we  have  reason  to  believe  that  there  are  many  parts 
of  it  where  it  is  still  deeper.  Its  determination  is  another  deside- 
ratum in  terrestrial  physics  of  great  interest  and  importance. — Sir 
James  C.  Rosses  Voyage  to  the  Southern  Seas,  vol.  ii.  p.  381. 

12.  Height  of  Waves, — Although  the  south-westerly  breeze  of 
the  preceding  day  hardly  amounted  to  a  moderate  gale,  we  found 
that  this  morning  we  had  run  into  a  heavy  swell  from  that  direction. 
The  result  of  several  experiments  gave  only  twenty-two  feet  for  the 
entire  height  of  the  waves,  or  eleven  feet  above  and  below  the  gene- 
ral level  of  the  ocean ;  the  velocity  of  the  undulations  eighty-nine 
miles  per  hour,  and  the  interval  between  each  wave  nineteen  hun- 
dred and  ten  feet. — Sir  James  C.  Ross's  Voyage  to  the  Southern 
Seas,  vol.  i.  p.  31. 

ZOOLOGY, 

13.  Marine  Invertebrata  found  at  great  depths  in  the  Ocean. — 
We  got  soundings  in  three  hundred  fathoms,  and  the  dredge  being 
again  put  over,  and  allowed  to  trail  along  the  bottom  for  two  or 
three  hours,  brought  up  many  animals,  some  corallines,  and  a 
quantity  of  sand,  mud,  and  small  stones.  Amongst  them  we  found 
several  entirely  new  forms  of  creatures,  of  which  accurate  drawings 
were  taken  by  Dr  Hooker,  which,  together  with  their  descriptions, 
are  now  in  course  of  publication,  and  constitute  one  of  the  more  in- 
teresting features  of  our  researches.  It  is  well  known  that  marine 
invertebrate  animals  are  more  susceptible  of  change  of  temperature 
than  land  animals ;  indeed,  they  may  be  isothermally  arranged  with 
great  accuracy.     It  will,  however,  be  difficult  to  get  naturalists  and 


*  Sir  J.  C.  Boss's  Voysge,  vol.  i.,  p.  34. 
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philosophers  to  believe  that  these  fragile  creatures  could  possibly 
exist  at  the  depth  of  nearly  two  thousand  fathoms  below  the  surface  ; 
yet,  as  we  know  they  can  bear  the  pressure  of  one  thousand  fathoms, 
why  may  they  not  of  two  ?  We  also  know  that  several  of  the  same 
species  of  creatures  inhabit  the  Arctic,  that  we  have  fished  up  from 
great  depths  in  the  Antarctic  Seas.  The  only  way  they  could  have 
got  from  the  one  pole  to  the  other,  must  have  been  through  the 
tropics  ;  but  the  temperature  of  the  sea  in  those  regions  is  such  that 
they  could  not  exist  in  it,  unless  at  a  depth  of  nearly  two  thousand 
fathoms.  At  that  depth  they  might  pass  from  the  Arctic  to  the 
Antarctic  Ocean  without  a  variation  of  five  degrees  of  temperature  ; 
whilst  any  land  animal,  at  the  most  favourable  season,  must  experi- 
ence a  difference  of  fifty  degrees,  and,  if  in  the  winter,  no  less  than 
one  hundred  and  fifty  degrees  of  Fahrenheit's  thermometer — a  suf- 
ficient reason  why  there  are  are  neither  quadrupeds,  nor  birds,  nor 
land  insects,  common  to  both  regions. — Sir  James  C.  Boss's  Voyage 
to  the  Southern  Seas,  vol.  i.  p.  207- 

14.  At  a  meeting  of  the  Academy  of  Berlin  on  29th  October, 
a  memoir  on  the  larva  state  and  metamorphoses  of  the  Ophiurse 
and  Echini  was  communicated  by  M.  Miiller. 

In  1845  M.  Miiller  made  us  acquainted  with  some  animal  forms 
observed  at  the  island  of  Heligoland ;  these  animals  he  has  made 
the  subject  of  additional  researches.  The  Vexillaria  flabeUum  he 
has  ascertained  to  be  the  larva  of  an  Ascidia,  probably  of  Amau- 
roncium  proliferum,  Edw.  But  an  object  of  greater  interest,  is  the 
development  and  metamorphoses  of  an  animal  which,  on  account  of 
its  form  and  equivocal  skeleton,  has  been  named  Pluteus  paradoxus. 
From  this  an  ophiura  was  produced ;  it  thence  follows  that  the  Plu- 
teus paradoxus  is  an  ophiura.  The  earliest  observations  on  the  de- 
velopment of  an  Echinoderm  are  those  made  by  M.  Sars  on  the 
Echinaster  sanguinoleutus  (E.  Sarsii,  Mull.,  Trosch.)  and  Astera- 
canthion  Mulleri,  Sars.  This  naturalist,  whose  discoveries  have 
added  many  important  facts  to  our  knowledge  of  the  transformation 
of  the  lower  animals  during  their  development,  has  likewise  observed 
that  the  young  sea-stars  had  no  resemblance  to  their  ulterior  form. 
But  he  has  given  very  few  details  respecting  the  internal  structure 
of  these  larvae,  which  doubtless  proves  that  they  are  completely 
opaque.  The  larva  of  the  Echinoderms,  which  form  the  subject  of 
M.  Muller's  memoir,  are  so  translucent  that  they  admit  of  a  micro- 
scopic analysis  even  to  a  size  250  times  their  diameter.  This  na- 
turalist has  published  in  Wiegman's  Archives  (1846,  p.  101,  tab. 
vi.,  figs.  1  and  2,)  a  description  and  figure  of  Pluteus  paradoxus,  be- 
fore giving  us  an  account  of  a  sea-star.  He  does  not  therefore  re- 
vert to  the  subject,  but  merely  remarks  that  this  larva  has  no  con- 
nection with  that  described  by  M.  Sars,  unless  that  the  animal 
develops  itself  in  one  direction,  and  that  it  is  bilateral ;  but  in  other 
respects,   it  presents  a  structure  so  peculiar  and  abnormal   that  it 
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could  not  be  supposed  to  be  the  larva  of  an  Echinoderm,  even  after 
the  observations  of  M.  Sars.  Having  stated  this,  M.  MuUer  enters 
upon  the  description  of  the  anatomical  structure  of  P.  paradoxus, 
and  gives  a  multitude  of  details  full  of  interest,  but  in  which  we  can- 
not follow  him. 

He  then  passes  to  another  class  of  the  larva  of  Echinoderm  which 
he  has  been  able  to  follow  to  their  metamorphosis,  and  he  has  as- 
certained, without  the  smallest  doubt,  that  they  belong  to  the  genus 
Echinus,  although  he  has  not  succeeded  in  determining  the  first 
stages  of  their  development  on  issuing  from  the  egg.  These  larvae 
appear,  notwithstanding  the  difference  of  their  definite  forms,  to  be 
modelled  on  the  same  plan  as  those  of  the  Ophiura},  and  this  is  very 
apparent  from  the  anatomical  details  into  which  M.  MuUer  enters, 
details  which  are  accompanied  with  very  beautiful  plates,  indispen- 
sable to  enable  the  reader  to  understand  all  the  interesting  details 
which  the  work  contains. — VInstitut,  No.  696,  p.  159. 

15.  On  the  Cranium  of  the  Dodo  in  the  Museum  of  Copenhagen. 
By  M.  Hamel. — I  have  lately  received,  says  M.  Hamel,  a  cast  of 
the  head  of  the  Dodo  preserved  in  the  Museum  of  Natural  History 
at  Copenhagen,  and  I  have  placed  it  in  the  cabinet  of  the  Academy 
of  Sciences  of  St  Petersbourg.  This  head  was  first  figured  by 
Paludanus;  it  was  afterwards,  in  1651,  obtained  by  Olearius  for 
Duke  Frederick  of  Schleswig-Holstein  of  Enkhuysen  at  Gottorff ; 
it  was  deposited  in  a  museum  described  in  a  work  dated  1666.  The 
objects  of  this  museum  were  conveyed,  under  King  Frederick  IV., 
and  during  the  war  with  Sweden,  to  Copenhagen,  where  this  head 
has  remained,  till  lately,  unknown  among  a  multitude  of  other  ob- 
jects. As  I  have  had  an  opportunity  of  examining  the  head  of  the 
Dodo  of  Oxford,  which  was  obtained  from  the  Tradescant  collection, 
and  of  which  I  possess  a  cast,  I  can  compare  it  with  the  Copenhagen 
specimen,  'the  only  other  one  now  known,  although  it  wants  the  lower 
mandible. 

It  will  be  observed,  in  the  first  instance,  that  Olearius'  descrip- 
tions of  1666  and  1674,  and  those  recently  given  by  M.  Lehmann 
of  Copenhagen,  are  insufficient  to  give  an  exact  idea  of  the  remains 
of  a  bird  so  remarkable.  A  comparison  of  the  heads  of  Oxford  and 
Copenhagen  shews,  that  although  the  former  be  much  stronger  than 
the  latter,  they  both  agree  in  their  various  details.  The  Oxford  head 
is  still  covered  with  skin,  having  been  cut  without  care  in  1755  and 
dried,  while  that  of  Copenhagen  is  a  preparation  of  the  bony  parts, 
and  consequently  presents  the  structure  of  the  bones,  which  is  invi- 
sible in  the  Oxford  specimen.  We  do  not  observe  in  the  Copenha- 
gen specimen  the  characteristic  broadness  of  forehead  and  the  angle 
of  about  140  degrees  which  it  forms  with  the  beak,  nor  the  immo- 
derately large  diameter  of  the  whole  cranium,  which  are  so  striking 
in  the  Oxford  example.  The  latter  measures  from  the  occiput  to 
the  extremity  of  the  beak  (the  gnathotheca  excepted,  which  is  nearly 
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wanting  in  both)  %^^  English  inches,  and  that  of  Copenhagen  8yV 
inches.  The  greatest  diameter  of  the  Oxford  specimen,  including 
the  skin  which  covers  it,  is  '^■^q  inches,  and  in  the  other,  which  is 
without  skin,  Sy^^  inches. 

The  cast  of  the  foot  of  the  Dodo,  which  I  likewise  place  in  the 
Museum,  is  taken  from  the  specimen  in  the  British  Museum.  It  is 
supposed  to  be  the  same  that  Clusius  observed  before  1605  in  the 
collection  of  Professor  Pauw  at  Leyden,  as  coming  from  the  Island 
of  Mauritius.  As  it  had  been  announced  that  a  living  Dodo  was 
embarked  in  1598  by  the  Dutch,  and  as  Clusius,  in  1605,  was  un- 
able to  prove  that  an  animal  had  been  brought  into  the  country 
alive,  it  is  inferred  that  the  bird  embarked  at  the  Mauritius  in  1598 
died  on  its  way  to  Holland,  and  that  it  was  from  it  the  foot  in 
Pauw's  possession  was  obtained.  The  report  of  a  Dodo  having  been 
transported  from  the  Mauritius  to  Holland,  has  been  alluded  to 
only  by  De  Brys,  and  it  cannot  therefore  be  considered  as  altogether 
authentic. 

The  foot  preserved  at  Oxford,  and  which,  as  well  as  the  head  of 
the  Dodo,  is  from  the  Tradescant  museum,  has  been  stripped  of  its 
skin  by  Dr  Kidd,  in  such  a  manner  that  the  bones,  ligaments,  and 
nerves,  can  now  be  studied.  I  have  taken  five  different  photographic 
views  of  it,  which  are  now  in  the  process  of  engraving. 

In  the  Ashmolean  Museum  at  Oxford,  there  is  a  large  drawing 
of  a  Dodo,  taken  from  nature,  for  which  we  are  indebted  to  John 
Savery.  Little  attention  has  been  hitherto  paid  to  this.  I  have 
had  a  sketch  carefully  made  and  coloured  like  the  original.  This 
figure  is  particularly  important  on  account  of  the  feathers,  wings, 
and  tail ;  for  the  head  and  feet  do  not  appear  to  be  accurately  de- 
signed. Below  it  there  is  a  frog  and  a  i^"^  cryptogamous  plants 
which  seem  to  be  in  allusion  to  its  kind  of  food.  This  figure  has 
been  given  by  M.  W,  C.  Darby  to  Dr  Kidd,  whose  lectures  he  at- 
tended, while  I  examined  the  Ashmolean  Museum  in  1814,  in  com- 
pany with  the  Doctor. 

John  Savery  may  have  had  an  opportunity  in  1651  of  seeing  a 
living  Dodo,  or  at  least  a  sketch  made  from  nature,  and  by  means  of 
which  he  completed  his  figure.  By  a  manuscript  notice  preserved 
in  the  British  Museum,  and  which  was  obtained  from  L'Estrange, 
we  learn  with  certainty  that  in  the  year  1638,  a  living  Dodo  was 
exhibited  for  money  in  London,  in  a  house  before  which  a  figure  of 
the  bird  was  represented  on  canvass.  At  all  events,  a  stuffed  speci- 
men is  mentioned  in  1651  in  the  catalogue  of  Tradescant's  collec- 
tion printed  in  1656,  but  drawn  up  some  years  before,  in  1652,  by 
Drs  Wharton  and  Ashmole,  In  this  catalogue  we  find,  at  page  4, 
the  Dodo  indicated  under  the  name  of  Dodar  (which  ought  to  have 
been  Dodo-aers).  It  is  from  this  specimen,  conveyed  in  1682  by 
Ashmole  to  Oxford,  where  it  was  destroyed  by  vermin,  and  conse- 
quently lost  in  1756,  that  the  foot  and  head  so  fortunately  preserved 
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have  been  obtained.  It  may  be  presumed  that  the  Dodo  which  was 
exhibited  alive  in  London  in  1638  had  been  obtained  after  its  death 
by  the  second  Tradescant  for  the  museum  of  his  father  (who  died  in 
1 638)  ;  so  that  the  existing  head  and  foot  in  the  Ashmolean  Museum 
are  the  same  as  those  which  L' Estrange  saw  in  the  living  bird  in 
London. 

The  figure  of  the  Dodo  so  often  cited  and  copied,  and  taken  from 
Sloane's  drawings  in  the  British  Museum  (not  made  by  Edwards, 
as  Mr  Owen  affirms),  does  not  appear  to  me  to  be  taken  from  nature. 
Besides  the  Dodo,  we  there  find  parroquets  also,  and  other  birds  or 
animals.  Neither  date  nor  artist  are  mentioned,  and  I  consequently 
consider  them  as  without  value.  But,  on  the  other  hand,  I  thought 
it  proper  to  have  an  exact  and  coloured  copy  of  a  small  picture  (five 
inches  in  height  at  the  most)  in  the  Royal  Museum  at  the  Hague, 
representing  a  Dodo,  which  is  to  be  seen  among  the  well  known  pic- 
tures of  Koeland  Savery,  who  died  in  1639,  which  represents  Or- 
pheus charming  animals,  Boeland  Savery  was  the  uncle  of  John 
Savery  mentioned  above.  There  are  two  other  similar  pictures  by 
him,  as  well  as  others  filled  with  animals  (the  Terrestrial  Paradise, 
Sortie  de  VArche,  &c.)  which  are  worthy  of  being  examined  by 
zoologists.  The  living  Dodo  shewn  in  London  in  1638  had  very 
likely  been  conveyed  to  Holland,  and  if  this  individual  had  been  ob- 
served before  by  R.  Savery,  and  if  it  be  the  same  that  passed  into 
the  Tradescant  Museum  after  its  death,  we  have,  from  the  hand  of 
this  skilful  animal-painter,  the  general  aspect,  colour,  &c.  of  the 
Dodo ;  while  the  head  and  the  osseous  structure,  and  the  nerves  of 
the  feet,  are  seen  in  the  Oxford  specimen,  of  which  I  have  brought 
casts,  drawings,  and  photographic  representations. 

M.  Hamel  is  about  to  have  a  model  of  a  Dodo  executed,  to  be 
painted  according  to  R.  Savery's  picture,  and  which  he  means  to 
present  to  the  Academy  as  soon  as  comi^\eted.—L^ Institute  No.  709, 
p.  252. 

16.  Commercial  value  of  Insects. — The  importance  of  insects,  com- 
mercially speaking,  is  scarcely  ever  thought  of.  Great  Britian  does 
not  pay  less  than  1,000,000  of  dollars  annually  for  the  dried  car- 
cases of  the  tiny  insect,  the  cochineal ;  and  another  Indian  insect, 
which  affords,  by  puncturing  particular  trees,  Lac,  is  scarcely  less 
valuable.  More  than  1,500,000  of  human  beings  derive  their  sole 
support  from  the  culture  and  manufacture  of  silk ;  and  the  silkworm 
alone  creates  an  annual  circulating  medium  of  nearly  200,000,000 
of  dollars ;  500,000  dollai*s  are  annually  spent  in  England  alone  for 
foreign  honey  ;  at  least,  10,000  cwt.  of  wax  is  imported  into  that 
country  every  year.  Then  there  are  the  gall-nuts  of  commerce,  used 
for  dyeing  and  making  ink,  &c. ;  while  the  cantharides,  or  Spanish 
fly,  is  an  absolute  indispensable  in  materia  medica. — Boston  Trans- 
cript, AthencGum,  No.  978,  p.  770. 


408  Scientijic  JntelUgence — Botany. 


BOTANY. 

17.  Esculent  Funguses  of  England. — The  English   are  not   a 
fungus-eating  nation, — and  in  the  '*  good  old   times"   this  might 
have  been  as  much  a  boast  as  the  common  one,  that  we  never  eat 
frogs.     The  question  is,  whether  we  are  the  better  or  the  wiser  for 
not  eating  the  one  any  more  than  the  other.     Though  we  do  not 
eat  frogs  like  our  neighbours  the  French,  we  are  rather  celebrated 
for  our  love  of  another  of  the  reptilian  family,  turtle.     There  is  no 
reason  why  we  should  eschew   frogs,    and   relish   turtle.     There  is 
still  less  for  our  eating  one  or  two  of  the  numberless  edible  funguses 
which  our  island  produces,  and  condemning   all  the  rest  as  worse 
than  useless,  under  the  name  of  "  toad-stools."     It  is  not  so  on  the 
continent  of  Europe ;  where  very  generally  the  various  species  of 
fungi  are  esteemed  agreeable  and  important  articles  of  diet.     The 
great  drawback  on  the  use  of  these  esculents  in  this  country  is,  that 
some  are  poisonous,  and  few  persons  possess  the  skill  to  distinguish 
them,  with  the  exception  of  one  or  two  species,  from  those  which 
are  edible.     In  the  markets  at  Rome,  there  is   an   "  inspector   of 
funguses,"  versed  in  botany,  and  whose  duty  it  is  to  examine  and 
report  on  all  such  plants  exposed  for  sale.     The  safety  with  which 
these  vegetables  may  be  eaten,  has  led  to  a  very  large  consumption 
in  that  city,  where  not  less  than  140,000  pounds  weight,   worth 
L.4000  sterling,  are  annually  consumed.     This  in  a  population  of 
156,000  souls.     We  cannot  estimate  the  value  of  funguses  in  our 
own  country  for  an  article  of  diet  as  less  than  in  Italy ;  nor  believe 
that  the  supply  would  be  in  a  less  ratio.     If  this  be  correct,   the 
value  of  the  funguses  which  are  allowed  to  spring  up  and  die,  wasted 
in  Great  Britain,  would  be  about  half  a  million  sterling  in  each 
year. — Athenceum,  No.  1037,  p.  948. 
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1.  A  Voyage  of  Discovery  and  Research  in  the  Southern  and  Antarc- 
tic Regions  during  the  years  1839-43.  By  Captain  Sir  James  Clark 
Ross,  R.N.  With  Plates,  Maps,  and  Woodcuts.  In  2  vols.  8vo. 
London:  John  Murray,  Albemarle  Street.     184:7. 

2.  Illustrations  of  Instinct,  deduced  from  the  Habits  of  British  Ani- 
mals.    By  J.  Couch,  F.L.S.,  &c.     London  :  John  Van  Voorst.     1847. 

4.  Lehrbuch  der  Chemischen  und  Physikalischen  Geologic.  Von  Dr 
G.  Bischof.     Bonn,  1847.     Vol.  1. 

4.  Lehrbuch  der  Physikalischen  Geographic  und  Geologic.  8vo. 
Bern. 
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5.  Professor  Ritter  of  Berlin,  on  the  Geographical  distribution  of  some 
characteristic  productions  of  Arabia,  viz.,  Coffee-Tree,  Camel,  and  Date 
Palm.     8vo,  pp.  326. 

6.  Dr  Spittal's  Introductory  Discourse  on  Pathology  and  the  Practice 
of  Medicine.     1847. 

7.  On  the  Parallel  Roads  of  Lochaber ;  with  remarks  on  the  change 
of  Relative  Levels  of  Sea  and  Land  in  Scotland,  and  the  Detrital  De- 
posits of  that  Country.  By  David  Milne,  Esq.,  F.R.S.E.,  &c.  4to. 
Neill  and  Company,  Edinburgh.     1847- 

8.  Tafeln  zur  Bestimmung  der  Mineralien.  Von  Franz  v  Kobell. 
4*^,  Auflage.     1 846. 

9.  Monographie  General  de  la  Famille,  des  Plantagines,  par  F.  Ma- 
rius  Barnioud.     Paris.     1846.     4to. 

10.  Berichte  iiber  die  Mittheilungen  von  Freunden  der  Naturwissen- 
schaften  in  Wien.     Von  Wm.  Haidinger.     Wien.    1847- 

11.  Mittheilungen  der  Naturforschenden  Geselleschaften  Bern.    1847. 

12.  Vereinfachung  der  Lehre  von  den  Gangen  von  J.  Foumet.  Uber- 
sezt  Von  MuUer  &  Cotta.     8vo,  pp.  118.     Freyberg,  1846. 

%*  Remarks  in  next  Number  of  Journal. 


List  of  Patents  granted  for  Scotland,  from  2\st  June  to 
2\st  September  1847. 

1.  To  William  Darling,  of  Glasgow,  Scotland,  ironmonger,  "  im- 
provements in  moulding,  and  in  the  manufacture  of  certain  articles  of 
cast-iron." — 23d  June  1847. 

2.  To  Thomas  Craddock,  of  Birmingham,  in  the  county  of  Warwick, 
engineer,  "  improvements  in  steam-engines  and  boilers,  and  in  machin- 
ery connected  therewith." — 23d  June  1847. 

3.  To  Clemence  Augustus  Kurtz,  of  Manchester,  in  the  county  of 
Lancaster,  manufacturing  chemist,  "  certain  improvements  in  the  mode 
of  preparing  and  using  indigo  in  the  dyeing  and  printing  of  woollen, 
cotton,  and  other  fabrics." — 29th  June  1847. 

4.  To  Clemence  Augustus  Kurtz,  of  Manchester,  in  the  county  of 
Lancaster,  manufacturing  chemist,  "  a  new  manufacture  of  a  certain 
colouring  matter  to  be  used  in  the  dyeing  or  in  the  printing  of  woollen, 
cotton,  silk,  and  other  fabrics." — 29th  June  1847. 

5.  To  William  Knowelden,  of  Great  Guildford  Street,  Southwark, 
engineer,  "  improvements  in  steam-engines." — 30th  June  1847. 

6.  To  John  Shaw,  of  Blackburn,  in  the  county  of  Lancaster,  manager, 
"  certain  improvements  in  machinery  or  apparatus  for  carding,  drawing, 
slubbing,  and  roving  cotton,  wool,  and  other  fibrous  substances." — 2d 
July  1847. 

7.  To  Paul  Gilbert  Prelier,  of  Rue  de  Rivoli,  Paris,  in  the  king- 
dom of  France,  gentleman,  being  a  communication  from  abroad,  *'  im- 
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provements  In  the  manufacture  of  dry  sulphuric  acid,  and  in  the  manu- 
facture of  smoking  or  Nordhausen  sulphuric  acid." — 9th  July  1847. 

8.  To  George  Winslow,  now  of  Boston,  in  the  State  of  Massachu- 
setts and  United  State  of  America,  merchant,  but  lately  of  Burton 
Crescent,  in  the  county  of  Middlesex,  being  a  communication  from  abroad, 
"  improvements  in  machinery  for  manufacturing  files  and  rasps." — 12th 
July  1847. 

9.  To  John  Law,  of  York  Place,  Portman  Square,  in  the  county  of 
Middlesex,  gentleman,  being  a  communication  from  abroad,  "  improve- 
ments in  yams,  and  in  the  machinery  by  which  the  same  are  manufac- 
tured. "—13th  July  1847. 

10.  To  William  Edward  Newton,  of  the  Office  for  Patents,  66 
Chancery  Lane,  in  the  county  of  Middlesex,  civil-engineer,  being  a  com- 
munication from  abroad,  "  improvements  in  the  manufacture  of  screws." 
—19th  July  1847. 

11.  To  Henry  John  Nicoll,  of  No.  114  Regent  Street,  in  the  county 
of  Middlesex,  tailor,  "  improvements  in  garments,  and  in  pockets,  bags, 
and  other  receptacles." — 19th  July  1847. 

12.  To  Edward  Slaughter,  of  Avon  Side  Iron-Works,  Bristol,  engi- 
neer, "  improvements  in  locomotive  engines." — 20th  July  1847. 

13.  To  William  Broadbent,  of  Manchester,  and  of  Little  Lever, 
both  in  the  county  of  Lancaster,  paper  manufacturer  and  dealer,  "  im- 
provements in  the  manufacture  of  paper." — 21st  July  1847. 

14.  To  James  Johnstone,  of  Willow  Park,  Greenock,  Esquire,  "  cer- 
tain improvements  in  the  manufacture  of  sugar." — 21st  July  1847. 

15.  To  Egbert  Hedge,  formerly  residing  at  No.  7  Howard  Street, 
in  the  parish  of  St  Clements  Danes,  and  county  of  Middlesex,  now  re- 
siding at  the  Commercial  Hotel,  Blackfriars  Road,  in  the  county  of  Sur- 
TGJ)  gentleman,  *'  certain  improvements  in  rails  for  railways,  and  in  the 
manner  of  securing  them." — 22d  July  1847. 

16.  To  William  Breynton,  of  the  Inner  Temple,  in  the  city  of  Lon- 
don, Esquire,  "  certain  improvements  in  rotatory  steam-engines,  and  in 
the  means  of  working  the  same." — 21st  July  1847. 

17.  To  John  Yule,  of  Sauchiehall  Street,  in  the  city  of  Glasgow, 
North  Britain,  "  certain  improvements  in  chairs  used  on  railways,  and 
in  the  fixing  of  the  same." — 27th  July  1847. 

18.  To  Henry  Mapple,  William  Brown,  and  James  Lodge  Mapple, 
of  Child's  Hill,  in  the  parish  of  Henden,  "  improvements  in  communicat- 
ing intelligence  by  means  of  electricity,  and  in  apparatus  relating  there- 
to, part  of  which  improvements  are  also  applicable  to  other  purposes." — 
2d  August  1847. 

19.  To  MosEs  Poole,  of  the  Patent  Office,  London,  gentleman,  being 
a  communication  from  abroad,  "  improvements  in  the  manufacture  of 
cast-metal,  iron,  and  steel." — 5th  August  1847. 

20.  To  Robert  Stirling  Newall,  of  Gateshead,  Esquire,  "  certain 
improvements  in  locomotive  engines." — 6th  August  1847. 

21.  To  John  Macintosh,  of  Bedford  Square,  in  the  county  of  Middle- 
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sex,  gontleman, "  improyements  in  engines  to  be  worked  by  steam  or 
other  suitable  fluid,  and  improvements  in  propelling  carriages  and  ves- 
sels."—6th  August  1847. 

22.  To  William  Thomas,  of  129  Cheapside,  in  the  city  of  London, 
merchant,  being  a  communication  from  abroad,  "  certain  improvements 
in  stays,  which  improvements  are  applicable  to  other  useful  purposes." — 
11th  August  1847. 

23.  To  Pierre  Armand  le  Comte  de  Fontainbmoreau,  of  No.  4 
South  Street,  Finsbur)^  London,  English  and  Foreign  Patent  Office  for 
Inventions,  being  a  communication  from  abroad,  "  certain  improvement! 
in  the  machinery  for  cutting  wood,  and  in  laying  and  uniting  veneers." 
—11th  August  1847. 

24.  To  James  Webster,  of  Sneinton,  in  the  county  of  Nottingham, 
"  an  improved  atmospheric  buffer  to  be  applied  to  railway  carriages  and 
other  vehicles  travelling  on  railways." — 12th  August  1847. 

25.  To  John  Thompson  Carter,  of  Drogheda,  in  the  county  of  the 
town  of  Drogheda,  in  Ireland,  flax-spinner,  "  improvements  in  machinery 
for  crushing,  bruising,  and  preparing  flax,  hemp,  and  other  fibrous  ma- 
terials requiring  such  treatment." — 16th  August  1847. 

2Q.  To  Frederick  Steiner,  of  Hyndburn  Cottage,  near  Accrington, 
in  the  county  of  Lancaster,  turkey-red  dyer,  being  a  communication  from 
abroad,  "  improvements  in  the  manufacture  of  sugar." — 16th  August 
1847. 

27.  To  Thomas  Birchall,  of  Ribbleton  Hall,  in  the  county  of  Lan- 
caster, gentleman,  "  improvements  in  folding  newspapers,  and  other  pa- 
pers."—- 16th  August  1847. 

28.  To  James  Morrison,  of  Paisley,  in  the  county  of  Renfrew,  in 
Scotland,  shawl-manufacturer,  "  improvements  in  applying  power  in  pro- 
pelling or  moving  carriages,  and  in  giving  motion  to  machinery." — 18th 
August  1847. 

29.  To  Philip  Henry  Holland,  of  Chorlton-upon-Medlock,  in  the 
borough  of  Manchester,  in  the  county  of  Lancaster,  surgeon,  being  a  com- 
munication from  abroad,  "  improvements  in  applying  manure  to  land." — 
20th  August  1847. 

30.  To  John  Blyth  and  Alfred  Blyth,  both  of  St  Anns,  Limehouse, 
in  the  county  of  Middlesex,  engineers,  and  John  M'Culloch  of  Mose- 
more  Cottages,  Old  Kent  Road,  in  the  county  of  Surrey,  chemist,  "  cer- 
tain improvements  in  apparatus  for  distilling  and  rectifying." — 23d  Au- 
gust 1847. 

31.  To  Stephen  White,  of  No.  30  Winchester  Row,  New  Road,  in 
,  the  parish  of  Mary-le-bone,  in  the  county  of  Middlesex,  clerk  in  the  em- 
ploy of  the  Great  Western  Railway  Company,  *'  a  new  means  of  pro- 
ducing gas,  both  as  to  apparatus  and  materials  from  which  the  gas  is 
produced." — 25th  August  1847. 

32.  To  Charles  Hancock,  of  Brompton,  in  the  county  of  Middle- 
sex, gentleman,  "  improvements  in  the  preparation  of  gutta  percha,  and 
in  the  application  thereof,  alone  and  in  combination  witli  other  materials, 
to  manufacturing  purposes,  which  improvements  are  also  applicable  to 

other  substances." — 26th  August  1847. 
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33.  To  Pierre  Armand  le  Comte  de  Fontainemoreau,  of  No.  4 
South  Street,  Finsbury,  London,  English  and  Foreign  Patent  Office  for 
Inventions,  being  a  communication  from  abroad,  "  certain  improvements 
in  steam  and  other  engines." — 31st  August  1847. 

34.  To  Edward  Manlove,  of  Nottingham  Park,  in  the  county  of 
Nottingham,  gentleman,  being  a  communication,  "  certain  improvements 
in  propelling." — 31st  August  1847. 

35.  To  William  Pidding,  of  Alfred  Place,  Bedford  Square,  in  the 
county  of  Middlesex,  gentleman,  "  an  improved  process,  or  improved 
processes,  for  preparing  certain  vegetable  extracts,  and  also  for  preserv- 
ing the  aroma  of  certain  vegetable  substances  from  the  atmosphere." — 
1st  September  1847. 

36.  To  Charles  Chinnock,  of  Seymore  Place,  Little  Chelsea,  in  the 
county  of  Middlesex,  gentleman,  "  improvements  in  regulating  motion, 
and  controlling  friction  in  the  joints,  and  other  parts  of  furniture,  ma- 
chinery, and  carriages." — 3d  September  1847. 

37.  To  Arthur  Harry  Johnson,  of  Gresham  Street,  in  the  city  of 
London,  assayer,  "  improvement  in  refining  silver-lead,  by  effecting  a 
saving  in  one  of  the  materials  used." — 6th  September  1847. 

38.  To  Jules  Jean  Baptiste  Martin  de  Lignac,  of  Portland  Street, 
in  the  county  of  Middlesex,  gentleman,  "  improvements  in  preserving 
milk."— 8th  September  1847. 

39.  To  PiERRB  Armand  le  Comte  de  Fontainemoreau,  of  4  South 
Street,  Finsbury,  English  and  Foreign  Patent  Office  for  Inventions,  be- 
ing a  communication  from  abroad,  *'  certain  improvements  in  machinery 
for  preparing  cotton,  and  other  fibrous  substances." — 13th  September 
1847. 

40.  To  Baron  Charles  Wetterstedt,  of  Rhodes  "Well  Road,  Lime- 
house,  in  the  county  of  Middlesex,  "  improvements  in  the  manufacture 
of  sheet-metal  for  sheathing  and  other  purposes,  in  preventing  the  cor- 
rosion of  metal,  and  in  preserving  wood  and  other  materials." — 15th 
September  1847. 

41.  To  William  Bacon  and  Thomas  Dixon,  both  of  Bury,  in  the 
county  of  Lancashire,  engineers,  "  certain  improvements  in  steam-en- 
gines."—1 7th  September  1847. 

42.  To  Kasimer  Vogel,  of  St  Paul's  Churchyard,  London,  gentle- 
man, *'  a  new  manufacture  of  weavers'  harness,  and  machinery  for  the 
production  of  the  same." — I7th  September  1847. 

43.  To  Robert  Wilson,  of  Low  Moon  Iron  Works,  Bradford,  in  the 
county  of  York,  engineer,  "  certain  improvements  in  machinery,  and 
arrangement  thereof  for  forging,  stamping,  punching,  cutting,  and  press- 
ing metals,  and  other  substances." — I7th  September  1847. 

44.  To  John  Mollett,  of  Austin  Friars'  Passage,  in  the  city  of  Lon- 
don, merchant,  being  a  communication  from  abroad,  "  certain  improve- 
ments in  fire-arms,  and  in  cartridges." — 21st  September  1847. 
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